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Abstract 



A proximity sensor system includes a sensor matriif array having a characteristic capacitance on horizontal and vertical 
conductors conne(^ed to sensor pads. The capaotance changes as a function of the proximity of an object to the sensor 
matnx. The change in capacitance of each node in both the X and Y directions of the matrix due to the approach of an object is 
converted to a set of voltages in the X and Y directions. These voltages are processed by circuitry to develop electncai s^nals 
representative of the centroid of the profile of the object, i.e , its position in the X and Y dimensions Noise reduction and 
background level setting techniques Inherently available in the architecture are employed. Pressure information is used to 
modify the scrolling speed. 
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SPECIEICATIQS 
PRESSURE SENSITIVE 
SCROLLBAR FEATURE 
RELATED APPUCATIONS 

This application is a continuation in part of co-pending application serial No. 08/300,630, filed 
September 2, 1 994, wluch is a continuation tn part of co-pending application seiiai No. 

08/300,387, fyed September 2, 1994, whidv isd continuation-in-part of co-pending application serial No. 08/1 1S,743, filed 
August 31 , 1993, now United States Patent No. S,374J07. which is a continuation-in-part of co-pending application serial 
No. 07/895,934. filed June 8. 1992. 

BACKGROUND OF THE INVENTION 1 . Field Of The Invention 

The present mv^fion rdates to objectposition and pressure sensing transducers and systems. 

More particularlyv:the::present:invention:rerates;to;object:posltiQn:and:pressureireGognition;usefuiiln;appllc{^ 

cursor movement for computing devices and other applications, and especially for enhancing the scroll bar feature In 

applications for computing devices. 

2. The Prior Art 

in:the:wast;number:of:(s>mputer systemsavailable: today;: theinterfacebetweenthecomputersystemiuseFandthecomputeF!: 
systemisaigrafdiicaltnterfaceoniaiVisuaidisirfayLilnseveraiveryw^ 

operating system presents In the graphical interface a "window" through wluch applications such asword processing, 
spreadsheets, database, etc. are viewed. It Is common in applications to create eledronio documents whidi are ^so 
depicted graphically in the visual display. In order to create documents, applications have a variety of features and control. 
One common way of accessing these features and controls is by moving a graphical cursor over the graf^w^l <isplay of the 
feature by some manner of object position detector. The feature is then :often:a(divated;by:Qie :ol^ecf:posi^ 

Numerous devices are avaitabie or have been proposed for: use as object position detedors for use m computer systems ;;:::^^ 
andotherapplications; The most: familiar of suchdevicesJs the computer:^mouse"i: While :extrenfiely;popular:as:apostt^ 
indicating device, a mouse has mechanical parts and requires a surface upon which to roll its pos^n bail. Furthermore, a 
mouse usually needs to be moved over long distances for reasonable resolution. Finally, a mouse requires the user to lift a 
hand from the keyboard to make the cursor movement, thereby upsetting the prime purpose, vrtsch H usually t^g on the 
computer. 

Trackballdevicesaresinulartomouse devices::A:majordifference,:however:is::thatv':unlike::a:nfU)use;d^ 
device does not require a surface across which it must be rolled. 

Trackball devices are stiJI expensive, have moving parts, and require a relatively heavy touch as do the mouse devices. They 
are also large in size and doe not fit well in a volume-sensitive application like a laptop computer. 

There are several available touch-sense technologies which may be employed for use as a position indicator. 
Resistive-membrane position sensors are known and used in several applications. However, they generally suffer from poor :: 
resolution^: the sensor surface is exposed: to the: user and is thus subject to wear. In: addition, resistive--rnembrane: touchy 
sensors are relatively expensive. A one-surface approach requires a user to be grounded to the sensor for reliable 
operation. This cannot be guaranteed in portable computers. An example of a onesurface approach is the UnMouse produd 
by MicroTouch, of Wilmington, MA A two-surface approach has poorer resolution and potentially will wear out very quickly in 
time. 

Resistive tablets are taught by United States Patent No. 4,680,430 to Yoshikawa, United States 

Patent No. 3,497,61 7 to Ellb and many others. The drawback of all such approaches is the high power consumiirtion artd the 
high co^ of the resistive membrane employed. 

Surface Acoustic Wave (SAW) devices have potential use as position Indicators. However, this sensor technology is 
expensive and is not sensitive to light touch. In addition, SAW de\m:es are sensitive to residue buildup on the touch surfaces 
and generally have poor resolution. 

Strain gauge or pres«ire plate approaches are an interesting position sensing technology, but suffer from several 
drawbacks. This approach may employ pie2o-electric fa-ansducers. One drawback is that tiie pie2o phenomena is an AC 
phenomena and may t>e sensitive to the user's rate of movement. In addition, strain gauge or pressure plate apfwoaches are 
somewhat expensive because special sensors are required. 

Optical :appniaches:aFe:also:possible:butare:somewhat:Umited:for:severa{reasonsv:AII:wouki:require:lighl:generafio^n 



luti^ 



"finger-breaidng" infra-red matrix 



will require external components and increase cost and power drain For examj 
position:detector;consumes:high:|^pr:and isuffersifromrelativelyipoor resoli 

There have been numerous attempts to provide a device for sensing the position of a thumb or other finger 1w use as a 
pointing device to replace a mouse or trackball. Desirable attributes of such a device are low power, low profile, ttigh 
resolution; low cost; fast response. and atwiity to operate reliably when the finger carries electrical noisei^ 
surface is contaminated mth dirt or moisture. 



Becauseiof the :drawbacks:of :resistive:devk:eSi many: attempts;have:been:;made:to::pro>flde pointing :capabi% 
capacitively sensing the poation of the finger. United States Patent 

No. 3,921 ,166 to Voipe teaches a capacitive matrix in which the fingar changas thd trartscapacitance between row and 
column electrodes. United States Patent No. 4,103,252 to 

Bobick emfdoys four oscillating s^nals to interpolate x and y positions between four.capacitive electrodes. United States 
F.atentNo.:4;455;452:to;Schuyler teaches a capacitive tablet wherein :the:fingeF attenuates thercapadfive c 
electrodes. 



United;;States;PatentNo:4i550j221::to Mabusthteachesacapacitivetabletiwhereintheeffectivecapacitance to 
ground" is measured by an oscillating signal. Each row or column is polled sequentially, and a rudimentary form of 
interpolation is applied to resolve the position between two rows or columns. An attempt is made to address the prot^em of 
electrical interference by averaging over many cycles of the oscillating waveform. The problem of contamination is 
addressed by sensing when no finger was present; and: applying a periodici calibration during: such:no^finger-^^^ 
United States PateniNo; :4i639;720 to: Rympalski teaches a tablei for sensing the:position:of :a:styius;::The:styius:alte 
transcapacitance coupling between row and column electrodes, which are scanned sequentially. 

United States Patent No. 4,736,1 91 to Matzke teaches a radial electrode arrangement under the space bar of a keyboard, to 
be activated by touching with a thumb. This patent teaches the use of total touch capacitance, as an indication of tfie foucli 
pressure, to control the velocity of cursor motion. Pulsed sequential polling is employed to address the effects of eiectrical 
interference. 



United StatesPatentNos; 4,686,332 and 5^1 49,91 9,:ta:Greaniasi:teaches;a:stylus:and:fingerdetection;sys^ 
mounted on a CRT. As a finger detection system, it's XIY sensor matrix is used to locate the two matrix wires carrying the 
maximum signal. With a coding scheme these two wires uniquely determine the location of the finger position to the 
resolution of the wire stepi^g. For stylus detection, Greanias first coarsely locates it, then develops a virtual dipoie by driving 
all lines on one side of the object in one direction and alt lines on the opposite sikJe in the opposite direcfim. This is done 
three:tinftes:virith different dipoie: phases: and signal polaritiesi Assuming a predetermined matrix re^nse to: the ob^ 
three measurements present a set of simultaneous equations that can be solved for position. 

United States:PatentNo.::4;733;222 to Evans is the first to: teach: a capacitance touch measurement system that interpolates::; 
to a high degree. Evans teaches a three terminal measurementsystem that uses a:drive^ :sense and electrode: signal set (3::::: 
signals) in its matrw, and bases the measurement on the attenuation effect of a finger on the electrode node s^nal (uses a 
capacitive divkler phenomena). Evans sequentially scans through each drive set to measure the capacitance. From the 
three largest responses an interpolation routine is applied to determine finger position. Evans also teaches a zeroing 
technique that allows *no-finger" levels to be cancelled out as part of the measurement. 

United: States Patent: No^ :5;Q1:6iQ08 to: iGmaz describes: a: touc^: sensitive; pad: that also: uses: interpolation^ ^ 
and een^ signal set (2 signals) in the touch matrioc and like 

Evans relies on the attenuation effect of a finger to modulate the drive signal. The touch matrix is sequentially scanned to 
read the response of each matrix line. An interpolation program then selects the two largest adjacent signals In both 
dimensions to determine the finger iocaOon, and ratiometrically determines the effective position from those 4 nwnbers. 

Gerphekte^ PCT application US90/04584, publication No. W091/0303g, United States Patent 
No. 5,305,017 applies to a touch pad system a variation of the virtual dipoie approach of 

Greanias. Gerf^ekle teaches the application of an oscillating potential of a given frequency and phase to all electrodes on 
one side of the virtual dipole,and an oscillating potential of the same frequency and opposite phase to those on the other 
side. Electronk: circuits develop a "balance signal" which is zero when no finger is present, and v^ich has one polarity if a 
finger is on one side of the center of the virtual dipoie. and the opposite polarity if the finger is on the opposite skJe. To 
acquire::the;position:of the:fingerinitially;:the::Virtual: dipoie is scanned sequentially across the teblet Once the;^^^ 
located, it is Iracked"^ by moving the virtual dipoie toward the finger once the finger has moved more than one row or 
column. 

Because the virtual dipoie method operates by generating a balance signal that is zero when the capacitance does not vary 
with distance, it only senses the perimeter of the finger contact area, rather than ^e entire contact area. Because the 
method relies on synchronous detection of the exciting signal, it must average for long periods to reject electrical 
interference; and: hence it is slow:; The averaging time required by this method , together with; the neoessity to search 
sequentially:for:a:new:finger:contact once:a previous contact is losti: makes this methodi;:like::those;before; It, teU sho 
requirements for a fast pointing device that is not affected by electrical interference. 



It should also be notedithat: all previous touch: pad: inventions that used interpoia^ 

their sen»ng;pad.:GFeanias:and:E^u5:use:a:confiplicated:and:expensive:driveyflKe:and;e 

theirsignaL Gruaz and GerpheiddlPl a: two signai drive and sense set:tn the present ^^^^^ 

done on the same line. This allows the row and column sections to be symmetric and equivalent. This in turn allows 

independent calibration of all signal paths, which makes boardlayout simpler and less constraining, and allows for more 

unique sensor topologies. 

The shortcomings:ofthe:inventons:and:techniques:described::in:the:prior:artcan:also:t>e:traced:to:the:use:ofoniy:one:set:of::: 
driving: andisensing:electronics,which:was multiplexed :sequentialiy: over the:electrodes:in::the:tablet 
cost effective in the days of discrete components, and avoided offset and scale differences amon9 drcuits. 

The sequential scanning approach of previous systems also made them nfiwe susceptible to noise. 

Noise levels: could change between: successivemeasurements;: thus: changing the: measured signal: and: the assumpti^ 
used in interpolation routines. 

Finally,:all::previous:approaches:assumed:a:particular signal: responseforfingeripositioniversusimatilcip 

transfer curve is very sensitive to many parameters and is not a smooth linear curve as Greanlas and Cerpheide assume^ 

such approaches are limited in the amount of interpolation they can perform. 

In prior co-pending application serial No. 08/1 15,743, filed August 31 , 1993, now United States 

Patent No. ~ — _ _ a two-dimensional capacitive sensing system equipped vwth a separate set of drive/sense 

electronics for each row and for each column of a capacitive tablet is disclosed. 

All row electrodes are sensed simultaneously, and all column electrodes are sensed simultaneously. The sensed signals 
are processed by analog circuitry. 

.One:oftiieimostcon[unon:controls:in:applicafons:is:a:scrolling::feature;::Those:of:ordinary:siull:in:t^^^^ 
Witt): theiScrolltngfeatUFeiofdocunrients: in :graphical:dis|days;:V\rtth this ifeature^a:^^ 

line. Unfbrtunateiy, the scrolling takes place at a constant rate. Wis feature is often accessed with an abject posSion 
detector which is used to move the cursor over the scroll arrow. The document is then scrolled a con^nt rate by activating 
the scroll arrow, often with the object position detector. If the object position detector is a "mouse", ttie scroti arrow can be 
activated by depressing and holding the mouse button. 

it is thus anobject of the present mvention to: jM^ovkieatwo^imensional capacitive: 

set of drive/sense electronics for each row and for each column of a capacitive tablet, wherein:ali:FOw electrodes:are:sen^^ 
simultaneously, and alt column electrodes are sensed simultaneously. 

tt is a further object of the present invention to provkJe an electronic system that is sensitive to the entire area of contact of a 
finger or other conductive object with a capacitive tablet, and to provide as output the coordinates of some measure of the 
center of this contact area while remaining insensitive to the characteristic profile of the object being detected. 

Hisafurtherobjectofthepresentinventionto provide anelectronicsystemthatprovides as outputsomenneasure: of area of: 
contact of a finger or other conductive object with a capacitive tablet. 

Yet another object of the present invention is to provide a two-dimensional capacitive sensing system equipped with a 
separate set of drive/sense electronics for each row and for each column of a capacitive tablet, wherein all row electrodfes 
are sensed simultaneously, and all column electrodes are sensed simultaneously and wherein the intonmation defining the 
iocab'on of a finger or other conductive oi^ect is processed in digital form. 

it:ts:a:further:object:of:ttiepresent:invention:to:provkie:a:two^imensionat:capacitive sensing: system :wherein:ali.row^ 
etectrodes are sensed simultaneously,:and:alt cotumn electrodes are sensed simultaneously and wherein :the:locat»n;:ttr;a; 
finger or other conductive: object within a peripheral: region of a sensing plane can optionally cause cursor "^ 
a display screen allowing control of targe cursor excursions from a small sensing plane with a single gesture. 

It:is a further object of the present invention to provide a scrolling feature of an application program v^erein a document:::::::::::: 
may be scrolled at a variable rate. 

ttisafurther obje(^ of theinventionvary the rate:of:the;SGrotling:feature;0f;an:applications:pFogFam::as:a:: 
information sensed by an object position detector. 

BRIEF DESCRIPTION OF THE INVENTION 

With the advent of very high levels of integration, it has become possible to integrate many channels of driving/sensing 
eiectronics: into one integrated circuit, along with the control logic for operating them;: and the interface: electronic 
Iheipointing device to communicate directly with a :host:microprocessor:;:The:present:invention: uses adaptive analog::::::::::: :: :::::: 
technkiuesto:overcome;of^t:and:scale:differences:between:channels;::and::can:thus: sense: either transcapacitanceor::::.:::::::: 
selfcapacitance of all tablet rows or columns in parallel. This parallel-sensing capability, made possible by provkling one set 



of electronics per roworoorumn, atlows the senang cycte to be extremely shory^s aUowing fast response while still 
maintaining immunity to very high^jp^is of electrical interference. 

The present Invention comprises a position-sensing technology particularly useful for applications where finger position 
information is needed, such as in computer "mouse" or trackl>ail environments. However the position-sensing technology of 
the present invention has much more general application than a computer mouse, because its sensor can detect and report 
if one or more points are hemg touched. In addition, the detector can sense the pressure of the touch. 

According to;a; prefen:ed:embodinrient:of the present invention; referred to herein; as a;"finger poin^ 
position!sensing;system;tfK:ludes:aipositiore:senang::transducer:.compriang::a:touchr^ on a 

substrata, such as a printed drcuit board, including « matrix of oonductive lines. A first set of ctmductive lines runs in a first 
direction and is insulated from a second set of conductive lines tunning in a second direction generally perpendicular to the 
first direcQon. An insulating layer is disposed over the first and second sets of conductive lines. The insulating layer is thin 
enough to ipromote s^nificant capacitive coupling between afingerplaced on its surface and the first^a 
conductive lines. 

Sensing electronicsrespond to the proximity of a finger;:conductiveobjed; or an object of high dielectric constant Oe 
greater than:about:5) to: translate the capacitance changes of Uie conductors caused by object proximit^^ 
information whi(^ is processed to derive position and touch pressure information. Its output is a simple X, Y and pressure 
value, Z, of ttie <me (^ject on its surface. In all descriptions herein, fingers are to be considered interchar^able with 
conductive objects and objects of high dielectric constant. 

Different prior art pad scan techniques have different advantages in different environments. 

Parallel drive/sense techniques according to the present invention allow Input samples to be taken simultaneously, thus ail 
channels are affected by the same phase of an interfering electrical signal, greatly simplifying tiie signal processing and 
noise filtering. 

iThere: are:fwo:drivffi^nse::methods : employed in the touc^isensmgi tec^nology of the : present inver^o^ 

and:presentiy:prefen:ediembodiment:oftiie:invention,:the:voitages:on:all:ofthe:X:iines:Qfthe:sensoF:ma^ 

simultane<Hisly;moved^::while:the; voltages ;of:the;Y::lines:are:held::at:a: constant voltage;: VMthithe:]^ 

points simultaneously giving a profile of the finger in the X dimension. Next, the voltages on all of the V lines of th« sensor 

matrix are simultaneously moved, while the voltages of the X lines are held ata constant voltage to obrtain a complete set of 

sampled points simultaneously giving a profile of the finger tn the other dimension. 

According: to:a:second:drive/sensemethod,:the:voltages;on all of the Xlinesoftheisensor: matrix are: ^ 
in a positive direction^ while the voltages of the Y lines are moved in a negative direction. Next; the voltages: on 
iines of the sensor matrix are simultaneously moved in a negative direction; while: the:voltages:of:tha :¥ifines:aro 
positive: direGtion;::Thi& technique:doubles the effect of any transcapacitance between: the two dimat^nSjiOrieOfWerM 
halves the effect of any parasitic capacitance to ground. In both methods, the capacitive information firom the sei^ng 
process provkies a profile of the proximity of the finger to the sensor in each dimension. 

As presently preferred^ both enrtbodiments then take these profiles and derive a digital value representing the centroid for X::: 
andYpositionandderiveaseconddigital value: for :the:Z:pressure:information:::The:digital:information;mayt}edirectiy 
by:d:host computer;: Analog:processing:ofthe::capadtive:information may also be used according to the present mvention;::::::: 

According to another aspect of the present invention, a scroll feature modifier uses the Z pressure information to make the 
rate of scrolling a function of the pressure information. 

The posifion: censor: of ttiese embodiments: can : only report the: position of one object : on : its: sensor su^^^ 
object is: presenti:the:position:sensor ofthe embodiment computes the centroid posttion of the combined set of 
However, unlike prior art, because the entire pad is being profiled, enough information is available to discern simple 
multi-finger gestures to allow for a more powerful user interface. 

According to another aspect of tiie present invention, several power reduction technk)ues which can shut down the circuit 
between measurements have been integrated into the system. This is possible because the parallel measurement 
technk)ue according to the present invention is so much faster than prior art techniques. 

Acicordlng to a further aspect of the invention, a variety of noise reduction techniques are Integrated Ma the sy^m. 

According to yet anotiiier aspect of the present Invention, a capac^nce measurement technk)ue vvhldt is «asier to calibrate 
and implement is employed. 

According to another aspect of the present invention, when the presence of a finger or other conductive object 6 sensed 
within a defined peripheral region of tiie sensing plane; the control of cursor motion may be changed to prowde:redge:::::::::::::::: 
rootion!::to:allow controi:of :large:cursor:excurstons:on a:displayscreen:from a single gesture executed on a smalt sensing:::: :: 



BRIEF DESCRIPTION OF THE DjaWINGS 



FIG ; 1 is an overall block diagram 



capadtive position sensing system of the present invention.:::: 



FIG. 2a is a top view of an object position sensor transducer according to a presently preferred embodinrtent of the invention 
shovving the object position sensor surface layer including a top conduclive trace layer and conducti^^ 
bottom trace layer. 

FIGi;2b is a ibottom view of the object position sensor transducer of FIGj 2a:shovi^ng:^^ 

FIG. 2c is a composite view of the object position sensor transducer of FIGS. 2a and 2b showing both the top and bottom 
conductive trace layers. 

FIG. 2d JS a cross-sectional view of the object postUon sensor transducer of FtGS. 2a-2c. 

FI6ir3::is::a:blockdiagram:ofsensor:decoding:electronics:which:may:be:used;with the:sensor:transducerin;accordance:w^ 
a preferred emtmdiment of the present invention. 

FIG. 4a is a simplified schematic diagram of a charge integrator circuit which may be used in the present invention. 

FIG. 4b Is an illustrative schematic diagram of the charge integrator circuit of FIG. 4a. 

FIG. 5 is a timing diagram of the operation of charge integrator circuit of FIGS. 4a and 4b. 

FIG. 6 is a schematic diagram of an illustrative filter and sample/hold circuit for use in the present invention. 

FIG. 7 is a more detailed blocl^ diagram of a presently preferred arrangement of A/D converters for use in the present 
mvention. 

FIG. 8 is a block diagram of an illu^ative arithmetic unit which may be used in the present invention. 

FIG. 9 is a block diagram of a calibration unit which may be used with the arithmetic unit of 

iGi;ip;ii:::l|iiiiii;iili 

FIG. 10 is a schematic diagram of a bias voltage generating circuit useful in the present invention. 

FIG 1 1 is a diagram of the sensing :plane:iliustra1ing:the:edge:motion:ifeature:of:1hei:<^j«;^ 
invention. 

FIG. 12 is a schematic diagram illustrating hardware Implementation of fite determination of Aether a finger or other object 
is present in the peripheral r^ions of the seitsing plane. 

FIGi:13:js:a:schematic;diagram:illu^ating:hardware::implementation:ofi1he;:«lge;motionifeature;cft^ 

FIGS. 14a-14c are How diagrams illustrating a process according to the present invention for recognizing tap and drag 
gestures. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

This application is a continuation-in-part of co-pending application serial No. 08/ filed September 2, 19d4, which is a 
continuation-iiv-part of co-pending application serial No. 

08/1 1 5,743, filed August 31,1 993, now United States Patent No. , , while which is a continuation-in-part of 

co-pending application serial No. 07/895,934, filed June 8, 1 992. The present invention continues the approach disclosed In 
the parent applications and provides more unique features not previously available. These improvements provkle a more 
easily integrated solution, increased sensitivity, and greater noise rejection, increased data acquisitran rate and decreased 
power consumption. The present invention allows for continuous self calibration to subtract out the effect of enwonrrtental 
changes and allows for enhanced cursor control from edge motion on a sensing plane. 

Those of ordinary skill in the art will realize that the following description of the present invention is illustrative ority and not in 
any way limiting. Other embodiments of the invention v\nll readily suggest themselves to such skilled persons. 

The present invention brings together in combination a number of unk^ue features which allow for new applications not 
before possible. Because the object position sensor of the present invention has very low power requirements, it is beneficial 
for use in battery operated or low power applications such as lap top or portable computers . It is also a very low cost 
solutionr has: no: nioving: parts:(and is therefore :viitually: maintenance: free), :and iuses:the: existing: pri 
for:sensorsi:1:he:sensing:teGhnotogy:ofthe:present:invention:can:be:integrated:inta:a:Gomputer mother^ 
tower its cost In computer applteations. 



^ * Similarly, in other applications the^j^sor can be part of an already exigent circ^P>ard. 

Because of its small size and low profile, the sensor technology of the present invention is useful in lap top or portable 
applications where volunrie is an important consideration. The sensor technology of the present invention requires circuit 
board space for onty a single sensor interface chip that can interface directiy to a microprocessori plus 
the printed drcuit board for sensing. 

Referring first to:FIG; :1v:a:simplified;block:diagram;:of the ;capacitive;positk)n:sensing:system 6 
presented. Capacitive position sensing system 6 can accurately determine the position of a finger 8 or other conductive 
object promiate to or touching a sensing plane 10. The capacitance of a plurality of conductive Knes runrang in a first 
direction (e.g., "XT) is sensed by X input processing drcuitry 12 and the capacitance of a plurality of cmductive lines running 
in a second direction (e.g., °Y,') is sensed by Y input processing circuitry 14. The sensed capacitance values are digitized in 
both :X: input processing drcuitry i12:and :Yiinputiprocessing:drcuitryi14;iThe: out^ 

input processing drcuitry 14 are presented to arithmetic unit 16, which uses the digital information to derive digital 
information representing the position and pressure of the tinger S or other conductive object relative to tiie sensingip^^ 

TheXyYyandZoutputs of arithmetic:Unit::16are;directed:to: motion: unit;1:8which:provides:the:^c^ 

to the host computer. The X, Y, and Z outputs of arithmetic unit 16 are also directed to gesture unit 20, which is used to 

recognize certain finger gestures performed: by a user on sensing planel O/The virtual button output fr^ 

may be used by motion unit 1 8 to implement some of the functionality of motion unit 1 8. 

The sensor material can be anything that allows creation of a conductive XfY matrix of pads. 

This includes not only standard PC boards, but also includes but e not limited to flexible PC boards, conductive elastomer 
materials, silk^eened c(Miducti\ra lines, and piezo-electric Kynar plastic materials This renders it usefiil as well in any 
portable equipment application or in human interface where the sensor needs to be molded to fit wtfiin the hand. 

The sensor can be conformed to any three dimensional sur^ce. Copper can be plated in two layers on most any surface 

contour;produdng;ttie:sensoF.:Thiswi(i;alt(wv:the:sensor:to:be:adapted:to:the:bester^ 

applicationi lTbis;coupled:with;the;"light4ouch?:ffeature:will make it effortless to Use:'^^^ 

also be tised in an indirect manner, i.e it can have an insulating foam material covered by a conductive layer over the touch 
sensing surface and be used to detect any object (not just conductive) that presses against it's surface. 

Smallsensorareas are:prac6cal'^:iLevj:ai|NBsm9yconceived:embodiment:takes:about:1:i5^ 

ordinary skill in the art will recognize thatthe area is scaleable for: different: applicationsjiThe Tnatrixarea is scaleable by 
either varying the matrix trace:spacing:<M^:by:warying:the:number:of:traces.!:t^arge:sensoF:areas;are:pF more 
information is needed. 

Beskies simple X and Y position information, the sensor technology of the present invention also provkies finger pressure 
information. This additional dimension of information may be used by programs to control spectai features such as 
'^brush^wklth' modes in Paint programs, spedal menu accesses, etc:, :allowing provision:of a more nat 
computersitt hasalsobeen found useful:for:implementing:"mouseiclickand:drag":modes:and for simpleinput gestures; ::::::::: 

In the present invention, the scroll rate is made a function of the Z pressure information. 

According to the present invention, when the scroll feature is activated by moving a cursor over a scroll arrow in a graphical 
display, and the virtual button on the gesture unit 20 is depressed, the rate of scrolling is dictated by ttie pressure information 
Z obtained from the arithmetic unit 16 through the1ouchpad: 20.:As:the pressure information Z varies;:^^^^ 

The:user:will::not:even::hav0:to:tou(^ithe;surface:to;generate:tiie:minimum:reaction;:This:feature:can:gFeatiy:mmimi^^^ 
dfa'ain and allow for more flexible 4i$e. 

The sense system of the present invention depends on a transducer device capable of providing position and pressure 
information regarding the object contacting the transducer, Referring now to FIGS. 2a-2d, top, bottom, composite, and 
cross^ectionai:>Aews;:respectively;:are shown of a presentiy-preferred sendng plane 10 comprising a touch sensor a 

for:use:tn:the.'present:inventioni::Since:capacitance js exploited:by Uiis:embodiment:of the present invention; the surface of 

touch:sensor;array:22:is:des^ned:to maximize the capacitive coupling to a finger or other conductive object. 

A presentiy preferred touch sensor array 22 according to the present invention comprises a substrate 24 including a set of 
first conductive traces 26 disposed on a top surface 28 thereof and run in a first direction to comprise row positions of the 
array. A second set of conductive traces 30 are disposed on a bottom surface 32 thereof and run in a second direction 
preferably orthogonal to the first direction to form the column positions of the array. The top and bottom conductive traces::::::: 
26: and 30 are: alternately in contact with periodk: sense pads;34 compridng enlarged areasj shown as diamonds in FIGS;::: 
2a-2c. While sense pads 34 are shown as diamonds in FIGS. 2a-2c, any shape, such as drcies, v^ich altows them to te 
closely packed::is:equivaient:for:purposes:of:tiiis:invention.As:an:arbitrary:convention:herein;:the:first:CO^^ 



vvili be referred to as being oriented inithe 'X" OF "rov/' direction and ma^^ 

the second conductive tFaces SO u^fee referred toias being oriented: in the::T^^ 

herein sometimes as "Y lines". 



The number and spacing of these sense pads 34 depends upon the resolution desired. For exampte, in an actual 
embodiment constructed according to the principfes of the present invention, a 0,10 inch center-toonter diamond-shaped 
pattern of conductive pads disposed along a matrix of 1 5 rows and 1 5 columns of conductors is em^oyed. Every other 
sense pad:34 in each:direc4ion:in:the;pad;pattern;is:connected:toiConductive::traces:on:^^^ 
32, respectively of substrate 24. 

Substrate 24 may be a printed circuit board, a flexible circuit board or any of a number of available circuit interconnect 
technology structures. Its thickness is unimportant as long as contact may t>e made therethrough from the bottom 
condwiive traces^SO to their sense pads 34 on the top surges 28. Hie printed circuit board compnsing »A)$trate 24 can be 
constructecl: using standard: industrylechniques;: Board ithiplaie$s1s: not important ^ 

to:0ie:bottorn:tFaces;3O:mayt}e:made:empIoying;standaFd:plafed^through:hole:techniques:welt:lOTowniin:ftte:p^ 
board art. 

In :an:alternate: embodiment of the present inventionv the substrate :material :24:may:have: a thickness: on; the :ordef ofO.OOS to: 
0.010 inches. Then the diamonds on the upper surface 28 and the plated through holes that connect to the lower surface 
traces 30, can be onvtted, further reducing the cost of the system, 

An:insulating:layer36:e disposed over the sense pads 34 on top surface:28 to insulate:a:humanifinger:or:other:object;::i:::::::::::: 
therefrom;:lnsulating :layer 36 is preferably a:thin:tayer 0.e;^:appro}dmately:5:mils):to:keep:capacitive:coup^^^^ 
comprise a : materiati : such: as: mylar^ chosen for: its protective and ergonomic characteristics. The : term : "stgnifi 
coupling" as used herein shall mean capacitive coupling having a magnitude greater than about 0.5 pF. 

There are two different capacitive effects taking place when a finger approaches the touch sensor an^ay 22. The first 
capacitive effect is trans-capacitance, or coupling between sense pads 34, and the second capacitive effect is 
self-capacitance, or coupling to virtual ground. Sensing circuitry is coupled to the sensor array 22 of the present invention 
and:resf»nds :to:€hangesibi::etther:or:both:of:ttiese:capacitan(»Si::Thiis; is: impoitant: because th^^ 

capacitances:(^ange:greatly :depending:on:the:useF:environment:The::ability of the present invention to: detect:changes in:::::: 
both self capacitance and trans-capacitance results in a very versatile system having a wide range of applications. 

According to the preferred embodiment of the invention, a position sensor system including touch sensor array 22 and 

associated:position detection:drcuitry Ynll detect a finger position on a matrix of printed circuit board tra^^^ 

effect of finger proximity to: the:sensor:an'ay:22;:The::position:sensor:system: will report:the:X^::Y:poation:ofa^i^^ 

near the sensor array 22 to much finer resolution than the spacing between the: row and column traces 26 and:30: The : : :: 

position:sensor:according: tothis: embodiment of:theinvention:will::also: report: a: Zvalue:proportional:to:the:outi 

finger and hence indicative of the pressure with which the finger contacts the surface of insulating layer 36 over th« sensing 

array 22. 

According to the presently preferred embodiment of the invention, a very sensitive, light-touch detector circuit may be 
provided:using: adaptive:analog:and:digita{:\/LSI:techniques;::The:circuit of the present invention is very robust and calibrates::: 
out :process: and: systematic errors^ :The : detector: circuit of the : present invention : will: process the: capac^e: input information: : : : : : 
and provide digital information which may be presented directly to a microprocessor. 

According to ttus embodiment of the invention, sensing circuitry is contained on a single sensor processor integrated drcittt 
chip. The sensor processor chip can have any number of X and Y "matrix" inputs. The number of X and Y inputs does not 
have to i)e equal. The integrated circuit has a digital bus as output. In the illustrative example disclosed in FIGS. 2a-2d 
herein, the sensor an^ay has 15 traces in both the X and Y directions. The sensor processor chip thus has 15 
X:inputSiand:1:5iY::input&:iAn::actuat:embodiment:constructed:according:to:the principles of the presentlnweritioniennpfo 
18 traces in the X direction and 24 traces in the Y direction. Those of ordinary skill in the art will recognize that the size of the 
sensing matrix which may be employed In the present invention is arbitrary and wilt be dictated largely by design choice. 

The X and Y matrix nodes are driven and sensed in parallel, with the capacitive information from each line indicating how 
close a finger is to that node. The scanned information provides a profile of the finger proximity in each din^nsion. According 
to this aspect of the present invention, the profile centroki is derived in both the X and Y directions and is the position in that 
dimension. 

The profile curve of proximity is also integrated to provkle the Z information. 

There are two drive and sense methods employed in the touch sensing technology of the present invention. According to a 

first and presently preferred embodiment of the invention, the voltages on all of the X lines of the sensor matrix are 

simultaneously moved; while the voltages of the Y linesare: hekl at a constant voltage;: Next;: the vt^ 

of the sensor matrix are simultaneously moved, while the voltages of the X lines are held at a constant voltage. This 

scanning:methodaccentuates:the::measurement:of capacitance; to:virtual:ground:provkied:by:ttiei:finger:.:i 

skill in the art will recognize that order of these two steps is somewhat arbitrary and may t>e reversed. 



Accorcyng:to:asecond:drjve/sens^|ethody:the:voltages:on;all of the X lines of^l^ 
in: aipositive directionv While the vJ^es of theiY lines are m 

lines of the sensor matrix are simultaneously moved in a negative direction, while the voltages of the Y lines are nfK>ved in a 
positive direction. This second drive/sense method accentuates transcapacitance and deemphasizes virtual ground 
capacitance; As vwth the firstdrive/sense method; thoseofordinaryskillinthe art 
Is somewhat arbitrary and may be reversed. 

ReferringnowtoFIG:! 3,;a btoclcdiagramof ;the:presently preferredisensingdrcuitry 40^ f^ 

invention:ispresented;;:This;b[oGk:diagrami;and:the;accompanying:disclosure|:relates:totheisensi^ 

dimension OQ only, and includes the X input processing circuitry 12 of FIG. 1. Those of ordinary skill in the art will appreciate 

that an kJentical circuit would be used for sensing tihe opposite (Y) dimension and wouM include the Y input processing 

circuitry 14 of FIG. t. Such skilled persons will furttter note that the two dimensions do not need to be orthogonal to one 

anottier. For example^ ttiey can be radial or of any other nature to match the contour of the touch sens)r array and <^er 

needs of the system. 

Those of ordinary skill in the art will recognize that the technology disclosed herein coukt be applied its well to a 
one-dimensional case where only one set of conductive traces is used. 

The capacitance at each sensor matrix node is represented by equivalent capacitors 42-1 through 42-n, The capacitance of 
capacitors 42^1 through 42Tii; comprises the capacitance of the matrix conductors and has: a character^ 
when:no:object (e.g.;:a finger) is proximate to the sensing plane of the sensor matrix^ 

plane: the capacitance of capacitors: 42h1: through 42^n increases in : proportion to: the size : and : proxirnity of the ob^ 

According to the present invention, the capacitance at each sensor matrix node is measured simultaneously using charge 
integrator circuits 44-1 through 44n. Charge-integrator circuits 441 through 44-n serve to inject charge into the capacitances 
42-1 through 42-n, respectively, and to develop an output voltage proportional to the capacitance sensed on the 
corresponding X matrix line. Thus charge-integrator circuits 44-1 through 44-n are shown as bidirectional amplifier symbols. 
Each:chargeHntegrator:drcuit:44^1::through:44rn:is supplied with an operating bias voltage by bias^ 
46. 

As i^ed herdn, the phrase "proportional to the capacitance" means that the voltage signal generated la d monotonie 
function of the sensed capacitance. In the embodiment described herein, the voltage is directly and linearly proportional to 
the capacitance sensed. Those of ordinary skill in the art will recognize that other monotonie functions, includir^ but not 
limited to inverse proportionality, and non-linear proporttonality such as logarithmic or exponenti^ func&)ns, could be 
employed in the present invention without departing from the principles disclosed herein, in addition current-sensing as well 
as vdtage-sensing techniques could be employed. 

According to a presently preferred drive/sense method used in the present invention, the capacitance measurements are 
performed simultaneously across all inputs in one dimension to overcome a problem which is inherent in all prior art 
approaches that scan individual inputs. The problem with the prior-art approach is that it is sensitive to high frequency and 
large amplitude noise (large dv/dt noise) that is coupled to the circuit via the touching object. Such noise may distort the 
finger:protile:because:of :noise:appearing:in:a:later:scan:cyde:but notian:earlier:one,;due:to::a:change:m::the:noise level; 

The present invention overcomes this i^oblem by "taking a snapshorof all inputs amuttaneously tn X and then Y directions 
<or visa versa). Because the injected noise Is proportional to the finger signal strength across all faiputs, It Is therafore 
symmetric around the finger centrokl. Because it is symmetric around the finger centroid it does itot affect the finger position. 
Additionally, the charge amplifier performs a differential measuring function to further reject common-mode noise. 

Because of the nature of the charge integrator circuits 44-1 through 44-n, their outputs mil be changing over tame and will 
have the desired voltage output for only a short time. As presently preferred, filter circuits 48-1 through 48-n are 
implemented as sample and hold switched capacitor filters. 

The desired voltage is captured by the filter circuits 48-1 through 48-n. As controlled by control circuitry, 56, the filter drcuits 
48-1 through 48-n will filter out any high frequency noise from the sensed signal. This is accomplished hy choosing the 
capacitor for the filter to he much larger than the output capacitance of charge integrator drcuite 44-1 through 44-n. In 
addition, those of ordinary skill in the art will recognize that the switched capacitor filter drcuits 48-1 through 48-n will capture 
the desired voftages and store them. 

According to the present invention, the capadtance information obtained in voltage form from the capacitance 
measurements is digitized and processed in digital format. Accordingly, the voltages stored by filter drcuits 48-1 through 
48-n are stored in sample/hold drcuits 50-1 through 50-n so that the remainder of the drcuitry processes input data taken at 
the same time, SampleShold drcuits 50-1 through 50-n may t)e configured as conventional sample/hold circuits as is well 
known in the art. 

The sampled analog voltages at the outputs of sample/hold drcuits 50-1 through 50-n are digitized by analog-to-digital (A/D) 
convarters 52. As presently preferred, A/D converters 52 resolve the input voltage to a 1 0-bit wkle digital signal (a resolution 



w of one part m 1 ,024), although thc^^f ordinary skill in the art will realize that o^||p-esolutions may be employed. 

A/D converters 52 may be conver^l^l successive approximation type converters as is known in the art 

Given the charge integrator circuitry employed in the present invention, the background level (no object present) of the 
charge integrator outputs will be about 1 volt. The AV resulting from the presence of a finger or other object will typically be 
about 0.4 volt. The voltage range of the A/D converters 52 should therefore be in the range of between about 1-2 vofts. 

An important consideration is the nunimum and maximum voltage reference punts for the A/D c^ 
has been found that noise will cause position jitter if these reference voltages are fixed points. A solution to this proUem 
which is employed in the present invention.is to dynamically generate the Vrnin and Vmax reference voltages from reference 
capacitances 42-Vmin and 42-Vmax, sensed by charge integrator circuits 44-Vmin and 44Vmax and processed by filter 
circuits 48-Vmin and 48-Vmax and stored in sample/hold circuits 50 

Vmin and SOrrVmax^ tn tliis manner^ anycommon mode noise present when the signals are sampled from^ t^ 
will also be present in the Vmila: and; Vmax ireference voltage vaiues andiwill tend to cancehiThose of 
will:reaiize:thatreference capacitances;44rVmin:and 44^Vmax may either be discrete capacitors or extra traces; 

isriisyy;iii||lii||^ 

According to the present invention, the Vmil, reference voltage is generated from a capacitor having a value equal to the 
lowest capacitanceexpectedtobeencounteredJn the sensorarray with ;no;objectpresent:(about12pFas$uming:a 2 inch^^::::: 
square; sensor array); The Vmax reference voltage; is generated from a capacitor: having; a value equal to the lar^ 
capacitance expected to be encountered in the sensor array with;an;object;present;(about;16pF;assuming;a;2 inch; square ; ; ;; 
sensor array). 

The outputs of A/D converters 52 provide inputs to arithmetic unit 16. As will be more fully disclosed with reference to FIG. 8, 
the function of arithmetic unit 16 is to compute the weighted average of the signals on the indivkiual sense lines in both the X 
and Y directions in the touch sensor array 22; Thus;;arithmetic unit 16 is shared; by the X input processing circuitr^ 
Y input processing circuitry 14 as shown in FIG. 1 . 

Control circuitry 56 of FIG. 3 orchestrates the operation of the remainder of the circuitry. 

Becausethesystem is discretely sampled;;and; pipelined; in ;its;operation;;control;drcuitry;56 is present tomanagethesignal;;;;; 
flow. The functions performed by control circuitry 56 may be conventionally developed via what is commonly known in the 
art as a state machine or microcontroller. 

Thestructureandoperationoftheindividualbiocksof FIG:;3 wai;now;be;disclosed;;Referring;nowto;FIGS:;;4ai;4b,;;an^^ 
typical charge integrator drcuif will be described; Charge integrator circuit 44 is shown as a simplified^^s^ 
FIG. 4a and as an illustrative schematic diagram in FIG. 4b. The timing of the operation of charge mtegrator circuit 44 is 
shown in FIG. 5. These timing signals are provided by the conb-oller block 56. 

Charge integrator circuit 44 is based on the fundamental physical phenomena of using a current to charge a capacitor. If the 
capacitor is charged for a constant time by a constant current, then a voltage will be produced on the capacitor v^ich is 
inversely proportional to the capacitance ;The;capacitance to be charged is the sensor matrix line capacitance 42 i^ 
with an internal capacitor. This internal capacitor will contain the voltage of interest 

Referring now to FIG. 4a, a simplified schematic diagram of an illustrative charge integrator circuit 44 is shown. A charge 
integrator circuit input node 60 is connected to one of the X (or Y) lines of the sensor matrix. A first shorting switch 62 is 
connected between the charge integrator circuit input node 60 and VDD, the positive supply rail. A second shorting switch 64 
is connected between the charge integrator circuit input node 60 and ground, the negative supply rail. A positive constant 
current source 66 is connected to; VDD^ the positive supply ; rail and; to the; charge integrator circuit input node 60 and through ; 
a fir^ current source switch 68; A negative constantcurrent source 70 is connected to ground and to the chafige integrator ;;; ;; 
circuitinput node;60; and through;a;second;current;source;switch;72.;;lt;is;obvious; that; other highandiowvoltageraiiscould;;;; 
t>e used in place of VDD and ground. 

A first internal capacitor 74 is connected between VDD and output node 76 of charge integrator circuit 44< A positive voltage 
storage switch 78 Is connected between output node 76 and input node 60. A second internal capadtor 80 has one of its 
platesconnected to ground through a switch;82;and; to output node 76 of charge integrator circuit 44; through;aswitch;84;;;;;;;;;; 
and the other one of its plates connected to input node 60 through a negative voltage storage svMtch 86 and to 
VDD through; a;switch;88;;;The;capacitanGe of first and second;internal;capacitances;74;and80;should;be;a;small;firaction;;;;;; 
(i.e., about 10%) of the capacitance of the individual sensor matrix lines. In a typical embodiment, thd sensor matrix line 
capacitance will be about lOpF and the capacitance of capacitors 74 and 80 should be about IpF. 

According to the presentiy preferred embodiment of the invention, the approach used is a differential measurement for 
added noise immunity, the benefit of which is that any low frequency common mode noise gets subtracted out For the 
following discussioni it is to be assumed that all switches are open unless they are noted as dosed; F 
line is momentarily shorted to VDD through switch 62, switch 78 is closed connecting capacitor 74 in parallel with the 
capadtance of the sensor line. Then the parallel capacitor combination is discharged with a constant current from current 
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capacitor 80 in parallel with the capacitance of the sensor line. Switch 68 is closed and the parallel capacitor comtxnation is 
charged with a constant current from current source: 66 for: a: fixed:tame|»riod:equa|:to:the:twed:ti^ 
At the end of the fixed time period, svWtch 86 is opened, thus storing the voltage on the sensor matrix line on capadtor 80. 

:The:first:and:second:measured:voltages:aFe:then:averaged;::This is: accomplished: by:opening::switeh:82:and:c!ostng:switch^^^ 
88 and 84, which places capacitor 80 in parallel with capacitor 74. Because capacitors 74 and 80 have the same 
capacitance, the resulting voltage across them is equal to the average of the voltages across each individually. This final 
resuft is the value that is then passed on to the appropriate one of filter drcuits 48-1 throii^h 48»n. 

The low frequency noise, notably 50/60 i^ and their harmonics, behaves as a DC cunrent component thajtadds in one 
measurement and subb-acts in the other. When the two results are added together that noise component averages tazero. 
The amount of noise rejecticMi is a function of how quickly In »Jccession the two opposing charge-up and chaige-down 



cycles are performed as vmII disclosed herein. One 
allows measurements to be taken quickly. 


of the reasons for the choice of tMs chargejntegtator circuit is that it 
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FIG ;: 4b, : a : more complete schematic 


diagram of an illustrative embodiment of charge integrator i^cuit 
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of the simplifieddiagramof FIG::4a:is:shown.:lnput:node:60:is:shown:connected to:VDD and ground:through:pass:gates:90:: 
and:92,:whtch replace:switches:62 and:64:of FIG:::4a;:Pass gate:90:is:controlled:by:a:signal ResetUp:present^ 
input and pass :gate:92:is:controlled:by:a:signai:ResetDn:presented:to:its:control:input.:Those of ordinary: skill m^t^ 
reGognize:that:pass:gates:90:and:92;: as:weH as all of the other pass gateswhich are represented ljy the same symtMl in::::::::: 
FIG. 4b may be conventional CMOS pass gates as are known in the art The convention used herein is that the pass gate 
will be off when its control input is held low and will be on and present a low impedance connection when Hs control input is 
held high. 

PrChannel MOS transistors 94 and:96 aFe:configured as a current mirrors P-rGhannel MOS transistorMserves asthe^ ::: 

current source 66 and pass gate 98 serves as switch 68 of FIG. 4a. 

The control input of pass gate 98 is controlled by a signal StepUp. 

N-Channel MOS transistors 100 and 102 are also configured as a current mirror. N-Channel 
MOS transistor 100 serves as the current source 70 and pass gate 104 serves as switch 72 of 

FIG. 4a. The control input of pass gate 104 is controlled by a signal StepDn. P-Channel MOS transistor 106 and N-Channel 
MOS:transistor::108:are:placed:in:series with Pr-Channel:MOS:current:mirror:transistor:g6:and:NT:Ghannel:MOS:current:::::::::::::: 
mirror transistor 102. The control gate of P-Channel MOS transistor 106 is driven by an enable signal EN, whrch tums on 
P-Channel 

MOS transistor 106 to energize the current mirrors. This device is used as a power conservation device so that the charge 
mtegrator circuit 44 may be turned off to conserve power when it is not in use. 

N-Channel: MOS transistor l 08 has its gate driven by a reference voltage VbiaSi Vvhich sets the current through: current ::::::: ::::: 
mirror transistors 96:and::108 ::The :voltage:Vbias is set by a servo feedback drcuit as:wilt be:disclosed: in:nrK>re:d 
reference:tD:F:IG:::10:.:Those::ofordinary:skill:in:the:art wilt appreciate that this embodimdhtaliawSicalibra 
timdii(Ma;long:fime;Constant:feedback):thereby zeroing :out:any:long:term:effe(^:due::to:sensor:environmdntal:(^anges:^ 
current embodiment of the invention, Vbias is common for all charge integrator circuits 44-1 through 44-n and 44^Vmax and 
44-Vmin. 

Note that proper sizing of MOS transistors 102 and 108 may provide temperature compensation. 

This is accomplished by taking advantage of the fact that the threshold of N-Channel MOS transistor 108 reduces with 
temperature while the mobility of both N-Channel MOS transistors 

102 and 108 reduce with temperature. The threshold reduction has Uie effect of increasing the current ^iie the mobility 
reduction has the effect of decreasing the current. By proper device sizing these effects can cancel each other out over a 
significant part of the operating range. 

Gapac(tor :74 has one plate connected to VDO and the other plate conneded to the output node 76 and to the input nodeieO: 
through pass gate l lO^ shown as:8witch:78:in FIG.:4a;::The control :input:of pass:gate:110 is:driven:by:ttie:control:signal:SU^ 
One plate of capacitor 80 is connected to input node 60 through pass gate 112 (switch 86 in FIG. 4a) and to VDD through 
pass gate 1 14 (switch 82 in FIG. 4a). The control input of pass gate 1 12 is driven by the control signal SDn and the control 
input of pass gate 1 14 is driven by the control signal ChUp. The other plate of capacitor 80 is connected to ground through 
N-Channel MOS transistor 1 16 (switch 82 in FIG. 4a) and to output node 76 through pass gate 118 (switch 84 in FIG. 4a), 
The control input of pass gate 118 is driven by control signal Share. 



Referring now to FIGS. 4a, 4b and the timing diagram of FIG. 5, the operation of charge integrator circuit 44 during one scan 
cycle may be obsen^ed. First the EN (enable) control signal goes active by going to Ov. This tums on the current mirrors and 



v; energizesithe chargeiand discharge current sources, MOS transistors 94 and lUVhe ResetUp control signal is active high :; 
^ at this time, which shorts the inputAie 60 (and the sensor line to which tt is conQlted) to 

VDO. The Slip control signal is alWctive high at this time which connects capacitor 74 and the output node 76 to input 
node 60. This arrangement guarantees that the follo^ng discharge portion of the operating cycle always starts from a 
known equilibrium state. 

The discharge process starts after ResetUp control signal goes inactive: The StepDn control signal goes a 
MOS transistorlOOy the: discharge current source; to the input node SO and its assodated:sensoFiline.::S^ 
setamountof time;: andthenegativeconstantcurrent source: (fischarges:the:combined:capacitance:ofthe:sensor:n 
capacitor:74thus:lowering;its:voltage:during:that:time;:StepDn:iS:then:tumed:ofri.Ashort:ta'me:later:the:SUp:c^^ 
goes inactive, storing the measured voltage on capacitor 74. That drtds the discharge cycle. 

Next, the ResetDn control signal becomes active and shorts the sensor tine to ground. 

Simultaneously :the:SDn: and: ChDn:control:signals:t>ecome:active:and:connect:capacitor:80:between:ground:and:ttie: sensor:: 
iin6.:Capacitor: SO is: dscharged :to: ground;: guaranteeing that :the:following charge up: cycle: always starts :fr^ 

The charge up cycle starts after ResetDn Gontrol signal becomes inactive and the StepUp control signal t»c 
th» point the current charging source, MOS transistor 94, is connected to the sensor line and supplies a constant current to 
charge the sensor line by increasing the voltage thereon. The StepUp control signal is active for a set amount of time 
:<preferably equal: to:the time:forthe:previously :menti'oned: cycle) allowing the capacitance to charge^ :and:then:tt:is:turned:off;:^ 
The SOn control signal then goes inactive, leaving the measured voltage across capacitor 80. 

The averaging cycle now starts. First the voltage on capacitor 80 is level shifted. This is done by the ChDn control signal 
going inactive, letting one plate of the capacitor 80 float Then the 

ChUp control s^nal goes active, connecting the second plate of the capacitor to VDD. Then the 
Share control signal becomes active which connects the first plate of capacitor 80 to output node 76; flius pladr^ capa 
74 and 80 in parallel. This has the effect of averaging the voltages across the two capacitors, thus subtracting out 
common-mode noise as previously described. 

This average voltage is also then available on output node 76. 

Those of ordinary skill in the art vM\ recognize that the environmental alternating current and other low frequency 
noise-canceling feature inherent in the averaging of the voltages obtained in the discharge and charge cycles is most 
effective when the two cycles are performed very close together in time. According to the present Invention, the ChDn and 
GhUpsignalsshouldbeasserted with:respectto:each:other:V»thin:a:time:period:much:lessthan:a:quarter:of:the:period:of::: 
the noise to be cancelled in order to take advantage of this feature of the present invention. 

According to the present invention, two different drive/sense methods have been disclosed. 

Those of ordinary skill in the art will readily observe that the charge integrator circuit 44 disclosed with reference to FIGS. 4a, 
4b, and 5 is adaptable to operate according to either scanning method disclosed herein. 

As:is:clear:from:an:understanding:of:the:operation:of:charge:integrator:drcuit:44;:its:outputvoltage:is:only:available:fo 
short: periQd::Qf time: :and:js:subject:to;environmental::rK)ise::jn;order:tQ:miraml2e:tt)e:effeGts:of:ndsei::a^ 
circuit 48 is used. Referring now to 

FIG. 6. a schematic diagram of an illustrative switched capacitor filter drcuit 48 which may be used in the present invention is 
shown^ Those of ordinary skill in the ait will recognize this switched capacitor filter drcuit, which comprises an input node 
120, a pass gate 122 having a control input driven by a Sample control elgnai, a capacitor 124 connected between the 
output of the pass gate 126 and a fixed voltage such as ground, and an output node comprising the common connection 
t>etween the capacitor 1 24 and the output of the pass gate 1 26. In a typical embodiment, capacitor 1 1 6 vnll have a 
capacitance of about 10 pF. 

As will be appredated by persons of ordinary skill in the art, the switched capacitor filter 48 is in part a sample/hold drcuit 
and has a filter time constant which is K times the period of sample, where K is the ratio of capacitor 124 to the sum of 
capacitors 74 and SO of the charge integrator drcuit 44 of FIGS. 4a :and 4b to v4iich it is connected;::The switched capacH^^ 

filter dreuit:48:further:reduces:noise:injeetion:in:Uie system;: ln the prefen^ed embodiment; K »10/2:s:5v Those^:o 

skill in the art will recognize that other types of fiiter:circuits;:such:as RC:filters; may be employed in the present inv^ 

Referring now to FIG. 7, a more detailed block diagram of a presentiy preferred arrangement of 
AID converters 52 of FIG. 3 is presented. There are fewer AID converters than there are lines in the touch sensor array, and 
the inputs to the A/D converters are multiplexed to share each of the individual A/D converters among several iineein the 
touch sensor array. The arrangement in 

FIG. 7 is more effident in the use of integrated circuit layout area than providing individual A/D converters for each input line. 

in the embodiment illustrated in FIG. 7, twenty-four conductive line traces are assumed for the sensor array 10 of FIGS. 
2a-2d. As shown in FIG. 7, the ou^uts of sample/hold drcuits 50-1 through 50-24 are fed to the anatog data inputs of 



y analog multipiexer 1 30. Anatog mulfipiexer 1 30 has six outputs, each of which the input of an individual A/D converter. 
52^:1:through:52r6j:The;intemal:a^jaement:of analog:multiptexer::130^i^^ 
*' n!iuttip{exedtd;eachoftheoutputjSralogimultiplexer:130ihas:bee^ 
132-1 through 132-6. 

in the example shov^n in FIG. 7, inputs taken from sample/hoM circuits 5S 1 through 50-4 are multiplexed to the output of 
intemai multiplexer block 132-1 which drives AID converter 52-1. 

Similaflyi inputs taken from:sample/hok] drcuits 50r5 through 50^8:are:muitipl^ 

132-2 wWch drives A/D converter 52-2; inputs taken from sample/hold circuits 50-9 through 50-12 are multiii^exed to the 
output of internal multiplexer block 132-3 which drives AID converter S2-3; inputs taken from sample^old drciats 50-13 
through 50-16 are multiplexed to the output of internal multiplexer block 1 32-4 which drWes A^ converter 52-4; Inputs taken 
from sample/hold drcuits 50-17 through 50-20 are multiplexed to Vt\e output of internal multiple)wr biocK 132-S which drives 
A/DiConverter:52^5; and inputs taken from sample/hold circuits 50-21 through 50^24 are multiplexed to the ou^^^^ 
multaptexer block 1 32-6 which drives AID converter 52-6. 

Analog:multiplexer:130:has:a:set:of control ;inputS:Schematically:represented:by::bus:134.::ln the: illustrat^^^ 
shown in FIG. 7, each of internal multiplexers 132-1 through 132-6 are four-input multiplexers and thus control bus 134 may 
comprise a two-bit bus for a one-of-four selection. Those of ordinary skill in the art will recognize that the arrangement of 
FIG, 7 is merely one of a number of spedfic solutions to the task of A/D conversion from twenty-four channels, and t}iat 
other satis^ctory equivalent arrangements are possible. 

fn a straightforward decoding scheme, multiplexers 132-1 through 132-6 will passi in sequence, the: analog voltages present 
on their first through fourth inputs on to the inputs of A/D:converters:52Tl:through:52r6:respectivelyi: After the anal^ 
have settled in the inputs of A/D converters 52-1 through 52-6, a CONVERT command Is asserted on common A/D control 
line 136 to begin the A/D conversion process. 

When the fiJD conversion process is complete, the digital value representing the input voltage is stored in regist«^ 1 38-1 
through 138-6. As presently preferred, registers 138-1 through 138-6 may each comprise a two-word renter, so that one 
word;may:be:read:out:ofthe::registers:to:arithmetic:unit:54:while:a:second:.word:is:being:written:into:the:Fegisters;in:OFder:to;i: 
maximize the speed of the system. The design of such registers is conventional in the art. 

Referring now to FIG. 8, a more detailed block diagram of the arithmetic unit 16 is presented. 

Those of ordinary skill in the art will appreciate that arithmetic unit 16 processes information from both the X and Y 
dimensions, i.e., from X input processing circuit 12 and Y input processing circuB 14 of FIG. 1 . 

6efore:disclosingthe:structurai:configuration::of arithmetiG:unit:16v:it:is helpful: tounderstandthepreferredmethod 
the centroid position of an object proximate to the sensor array 22 is determined according to the present invention. 

According to a presently preferred embodiment of the invention, the object position in eittier direction may be determined by 
evaluating the weighted average of the capacitances measured on the individual sense line of the sensor array 10. In ttie 
follov^ng:discussion;:the:X:direction:is:used,:butthose:of ordinary skillin the: art will:recognize:that:ttte:discu^^ 
the:determination:ofthe;weighted:average in the Y direction as well: /\s is well known, the weighted average may bie : ; :: 
determined as follows: 
X position = 

where ACj Ci - COi. Cg Is the capacitance presently being measured on the ith trace and C01 is the value measured on 
that same trace at some past tame when no object was present. In terms of ttiese past and present capacitance 
measurements, the position can be expressed as: 
Xposition - 



Using the distributive property of multiplication over addition, this expression is seen to be equivalent to: 
Xposition a 

where the negative terms in both the numerator and denominator are offeets and represent 0ie background value of the 
capacitances wtth no object present lfthe term ON is used to represent the: numerator offset and: 
represent the denominator offset, Eq. 3 may be re-written as: 
Xposition = 



Referring now to FIG, 8, it may be seen that arithmetic unit 16 includes X numerator and denominator accumulators 150 and 
152 and Y numerator and denominator accumulators 154 and 156. The source of operand data for X numerator and 
denominator accumulators 150 and 152 and Y numerator and denominator accumulators 154 and 156 are the registers 
138-1 through 1 38-6 in each <X and Y) direction of the sensor array 22 of FIG. 1 . The X and Y denominator accumulators 
152 and 156 sum up the digital results from the A/D conversions. The X and Y numerator accumulators 1 50 and 1 54 



^ compute the weighted sum of the input datairather-thanthe straighfis^ 
^ conf^ured;as:hardware:eiement|^ias:Soflware;njnning:on:a:microprocessori^PiM 
ordinary sidii in the art. 

As may be seen from an examination of FIG. 8, numerator accumulators 150 and 154 compute the expression of Eq. 4: 
and denominator accumulators 1 52 and 1 56 compute (he expression of Eq. 4: 



The contents of X and Y numerator and denominator offset registers 1 5&, 160, 162, and 1 64 are subfracted from the results 

stored in the accumulators 150, 152, 154, and 156 In adders 166, 168, 170, ami 172. Adder 166 subtracts the offset ONX 

stored in X numerator of^t regist^ 158. Adder 168 subtracts the offset ODX stored in X denominator o^t register 160. 

Adder 170 subtracts the of^ ONY stored in Y numerator offset register 162. Adder 172 subtracts the offeet 

ODY stored in Y denominator:ofEset:regi^er:i164.;11ie;numeratordenominator:pairsiare;divide divisior» blodcs 174 and 

i176;to produce;the X and; Y position data;: and the X and Y denominator pair is used by bloclcil 

{pressure) data. The function performed by block 178 will be disclosed later herein. The offsets ODXS ONX, ODYX and 

ONY are sampled from the accumulator contents when directed by calibration unit 180. 

Persons of ordinary skill in the art will readily appreciate that the architecture of the system of the present invention may be 
distributed in a number of ways, several of which involve the availability of a microprocessor, whether ft be in a host 
computer to which the system of the present invention is connected or somewhere between the integrated drcuit described::: 
herein and a host computer.: Embodiments of the presentinvention are contemplated wherein the accumulatedinurnerator::^ 
and denominator values:representing: the summation :terms:are:delivered:to:such:a:microprocessor:along:vvith the ON and 
OD offsetvalues for:processing; or where all processing is accomplished bya programmed microproeossor as is known in 
the art. 

Irutially, the numerator and denominator accumulators 1 50. 1 52, 1 54, and 1 56 are set to zero during system startup. If the 
multiptexed AID converters as shown in FIG. 7 are employed, the digitized voltage data in the first word of register 1 38-1 
{representing the voltage at the output of sample/hold circuit 50-1} is added to the sum in the accumulator and the result 
stoEed:in:the:accumulator;.:ln:successioni::the:digitized:voitage:values:stored:in:the:first:Word^ 

(representing the voltage at the outputs of sample/hokt drcuits 50^, 50-9, 501 7, and 50-21 , respectively) are added to the 
sums In the accumulators and the results stored in the accumulators. As previously mentioned, A/D converters 52-1 through 
52-6 may at this time be converting the voltages present at the outputs of sampte/hold drcuits 50-2, 50-6, SS 10, 5014, 
S0>1 8, and 50-22 and storing the digitized values in the second words of registers 1 38-1 through 1 38-6 respectiveiy. 

Nexfi:in:successioni:the:digitized:vottage values stored in the: second: words of registe 

the voltage at the outputs of-sample/hold drcuits 50-2. 50-6, 50-10, 50-14, 50-18, and 50-22, respectiveiy) are added to the 
sum in the accumulator and the result stored in the accumulator. 

Next, in succession, the digitized voltage values stored in the first words of registers 138-1 through 1 38-6 (representing the 
voltage at the outputs of sample/hold drcuits 50-3, 50-7, 50-1 1 , 50-1 5, 50-1 9, and 50-23, respectively) are added to the sum 
in the accumulator and the result stored in the accumulator, followed by digitized voltage values stored in ttte second words 
of registers 138-1 through 138-6 (representing the voltage at the outputs of sample/hold circuits 504, 50-8, 50-12, 50-16, 
50-20, and 50-24, respectively). 

At this point in time, the accumulators hold the sums of all of the individual digitized voitago values. The digital values stt^ed 
in the ON and OD offset registers 158 and 164 are now respectively subtracted from the values stored in tfte numerator and 



denominator accumulators. 




















:The :divislon: operatioi 
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1 dividers 174 « 
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176 then completes the weighted average computatior 
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The division operation may also t>e performed by an externai niicroprocessor which can fetch the values stored :in:th^^ 
accumulators or perform the accumulations itself As the ON: andi OD: offset values are (M'esen^^^ 
microprocessor, the additional processing overhead presented to such external microprocessor by this division operati< 
minimal. Alternately, a dedicated microprocessor may be induded on chip to handle these processing taslcs without 
departing from the invention disclosed herein. 


il 

on is 


The above disclosed processing takes place:within about:1::rnillisecond and may be repeatedly performed 
standards update: position : information :40:times per second, and thus the: apparatus of the present inventio 
operated at this repetition rate. 


i;: Current ;mouse 
in may easily be 



Because of the nature of the method employed in the present invention, an opportunity exists to provkJe additional noise 
immunity without requiring additional hardware in the system of the present invention. While it is apparent that after the 
above-disclosed sequence has been performed, the accumulators may be cleared and the process repeated, the values 
mayiaIso:be:allowed:to:remain:in::the:accumulators;:lf:this:is:done; an averaging funct^^^ 

filter out noise. According to this aspect of the invention, a number of samples are taken and run through the accumulators 
without clearing them at the end of the processing sequence. As presently preferred, twenty-five samples are processed 



^ before a single division result e takenifor use by tha system; thus gr^^ 

spikesiiThose of ordinary skill in :tfaf^:vvill:recognize:that:the;nunriber:of:sampi^^ 

a matter of design choice dictatec^^actors such as data acquisition rates, data processing rates etc. 

The system of the present invention is adaptable to changing conditions, such as component aging, chat^ng capacitance 
due to humidity, and contamination of the touch surface, etc. In addition, the present invention effectively mirumizes ambient 
noiseiiAccording toithe present inventJonv these effects are: taken into consklerationi in three ways^^ 
and 

OD:are:dynamicaily::updated::to;accommodate;changingiConditionsi:Second;;:a:servo^feedbackdrcuSiis:pr 
determine the bias voltage used to set the bias of the charge-integrator circuits 44-1 through 44-fi. Third, as previously 
disposed hereifv, the reference voltage points for Vma, and Vrn of the A/D converters ^e arso dynamically altered to 
Increase the signal to noise margin. Referring now to FIG. 9. a block diagram of a calibration unit 150 which may be used 
with the arithmetic unit of FIG. 8 is presented. The calibration unit 150 executes an algorithm to establish the numerator and 
denominator offset values by attempting to determine v^ennofinger or other conductive; objectis:;^ 
sensor array 22. 

As previously disclosedy the: ON and OD ioffset values represent the; t}aseline values of the; array: capacitances 

present These vatues are alsQ updated according to the present; invention since baseline levels whk^h are too low or too;:; : ;^^ 

high have the effect of shifting the apparent position of the object depending on the sign of the error. These values are 

established by selec^on of the values read when no object is present at the sensor array 22. Since there » no external way 

to;"know!^;when;no;object;is;present at:sensor:array:22;:an: algorithm:according:to;:another aspect of the present invention:^ 

used;to; establish:and;dynanfucaliy:update;these;ofteet:valuesL::When:the:calibFation:unit sees a Z value wluch appears typic 

of;the:Z:values:when:no:finger;is;present,:it instructs ;the:offsetregisters:(158i;:160y:1:62;:and:164:ofFIG^ 

current values of the aGCumulators.;AcGording:to:a:presently:preferred::embodiment:of the:invention,:the:decision;to:update;:::: 

the offset values is based on the behavior of the sensor array 22 in only one of the X or Y directions, but when the decison is 

made all four offeets (ONX, ODx. ONy, and ODY) are updated. In other embodiments of the invention, the decision to 

update may be indivWually made for each direction according to the criteria set forth herein, 

The caGbration algcnithfli works by monitoring changes in a selected one of the denominator accumulator values. According 

to;fhe:|vesent:inventbn^:it;has;been:ob»rved:that:the:»nsitivtty;to:changes;in:capacitance:of^^^ 

lines in the touch Sensor an'ay 22 b greater than the sensitivity to changes tn capacitance of the other one df the sets of 

conductive lines in the touch sensor array 22. Experience suggests that the set of oonductive lines ha^g the greater 

sensitivity to capadtance changes Is the one which is physically located at>ove the conductive lines in tfie «ther direction and 

therefore closest to the touch surface of the sensor array 22. The upper set of conductive lines tends to partially shield the 

lower set of conductive lines from capacitive changes occurring above the surface of the sensor array 22. 

The finger pressure is obtained by summing the capacitances; measured on the sense iines; This value is already present in;;; 
the denominator accumulator after subtracting the offset OD. A fmger is present if the pressure exceeds a suitable th^^^ 
value. This threshold may be chosen experimentally and is a function of surface material and circuit timing, the threshold 
may be adjusted to suit the tastes of the individual user. 

The pressure reported by the device is a simple function f(XD YD) of the denominators for the X and Y directions as 
nnplementedinblock 178 of FlG;:8.Possible:functionsinclude:choosing:one:prefeFred: denominator value,; or summingthe;;;: 
denominators In a presently preferred embodiment; the smaller of the two denonrunators is chosen;;This;choi(»;;has^ 
desirable effect of cauang ttie pressure to go below the threshold if ^e finger moves slightly off the edge of the pad, where 
the Xsensors are producing valid data, but the Y sensors are not, or vise versa. This acts as an electrcMilc bezel which can 
take the place of a mechanical bezel at the periphery of the sensor area. 

In the example of FIG, 8^1he Y denominator is chosen for monitoring because it is the most sensitive, The chosen 
denominator is referred to as Z for the purposes of the calibration algorithm. The current saved ofliset value for this 
denominator is referred to as Oz. 

The goal of tiie calibration algorithm is to track gradual variations in the resting Z level while making sure not to calibrate to 
the finger, nor to calibrate to instontaneous spikes arising from noise. As will be apparent to those of oniinary skill in the art 
firom the follov^ng disdosure, the calibration algorithm could be implemented in digital or analog hardware, or in software. In 
a current embodiment actually tested by tiie inventors, it is implemented in software, 

As Z:ya]uesiarriveiin;the;calibrationiunitii:tiiey:are passed through filter 182 History buffer 184;^ w^ 
with filter 1 82. keeps a "running average" of recent Z values. 

When a new Z value arrives, the current running average Fz is updated according to the formula: new Fz « a(old Fz) + (1- 
a)Z [Eq. 7] where a is a constent factor between 0 and 1 and typically close to 1 and Z is the current Z v^ue. 

in the preferred embodimentjialpha isiapproximately 0.95: The intention is for Fz to change slowly enough to f^^ 
variations, viflthout being greatiy affected by short perturbations in Z. 

The filter 1 &1 receives a signal ENABLE from control unit 1 86. The running average Fz is updated based on new Z values 



only when ENABLE is asserted. If ENABLE is deasserted, Fz remains constant m^is unaffected by current Z. 
:The:histofyibuffer:1M:irecords:th4Bleral most recent vatues of Fzi in:^ 

the two previous Fz values. The history buffer might be implemented as a shift register, circular queue, or analog delay line. 
When the history buffer receives a 

REWIND signal from control unit 186, It restores the current running average Fz to the oldest saved value, Itis as if t}ie filter 
182 were "retroactively" disabled for an amount of fame corresponding to the depth of the history buffer. The purpose of the 
htstory buffer is to permit such retroactive disabling. 

The current running average Fz is compared against the current Z value and the current offset Oz by absolute difference 
unite 188 and 190, attd comparator 192. Absolute difference unit 188 subtracte the value&Z and Fz and outpute the 
absolute value of their difference. Absolute difference unit 190 subtracts the values Q and Fz and outpute the absolute value 
of their difference. Comparator 1 92 asserte the UPDATE signal if the output of absolute difference urnt 1 88 Is less than the 
output of absolute difference unit 190, i.e., if Fz is closer to Z than it is to Q. The UPDATE signal will tend to be asserted 
when the mean value of Z shifte to a new resting level. It will tend not to be asserted when Z makes a brief excursion away 
from as nwmal resting level. The filter constant a determines the length of an excursion which w8l be considered "brief for 
this purpose. 

Subtracter unit 1 94 is a simple subtracter that computes the s^ned difference between Z and Oz. 

This subtracter is actually redundant with subtracter 172 in figure 8, and so may be merged with it in the acbjal 
implementation:;The;output:Gz;of:this:subtractor:is:the calibrated Z value, an esfa'mate; of the finger pressu^^ 
yalue:is;compared:against:a:ipositive:and:;negative:Z threshold by comparators 196 and 198. These thresholds are shown as:: 
ZTH and -Znl, although they are not actually required to t>e equal in magnitude. 

if pressure signal Cz greater than ZTHS the signal FINGER is asserted indicating the possible presence of a finger. The 
ZAHthresholdusedby the calibrationunit is: similar to that used by the rest ofthe system todetect the presen^^ 
finger:,:oF:it:may:have:a;differentvaluei:ln :the::present:embodimenf;:the:caIibration:Znl:is:set: somewhat lo^ 
. Zlhi to ensure that the calibrata'on unit malces a conservative choice about the presence of a finger. 

if pressure signal Cz Is less than - TliH, the signal FORCE is asserted. Since Oz is meant to t>e equal to the resting value of 
Z with no finger pre^nt, and a finger can only increase the sensor capacitance end thus the value of Z, a largely negative 
Cz implies that the device must have incorrectly calibrated rteelf to a finger, which has Just been removed. Calibration logic 
200 uses this fact to force a recalibrafion now that the finger is no longer present, Control logic 1 86 is responsible for 
preventing running average Fz from being influenced by Z values that occur when a finger is present. Output ENABLE is 
generally off when the FINGER signal Is true, and on when the RNGER agnal is false. However, wherv FINGER transitions 
from false to true, Oie control logic also pulses the REWIND signal. When FINGER transitions from true to false, the control 
logic waite a short amount of time (comparable to the depth of the history buffer) before asserfing ENABLE. Thus, the 
running average Is prevented from following Z whenever a finger is present, as well as for a short time before and after the 
finger is present 

Calibration logic 200 produces signal RECAL from the outpute of the three comparators 192, 196, and 198, When RECAL is 
asserted, the offset registers ON and OD will be reloaded from the current accumulator values. RECAL is produced from 
the following logic equation: 

RECAL = FORCE or (UPDATE and not FINGER). [Eq. 8] 

in addition, calibration logic 200 arranges to assert RECAL once when the system is first initialized, possibly after a brief 
period to wait for the charge Integrators and other drcuite to stabilize. 



From the: descripfa'ons of control logic 186 and calibrafa'on: logic 200; it will : be: apparent to those: of ordi 

these blocks can be readily configured using conventional logic as a matter of simple and routine logic design. 

it should be obvious to any person of ordinary skill in the art that the calibration algorithm descrik)ed Is not spedfic to the 
particular system of charge integrators and accumulators of the current invention. Rather, it could be employed in any touch 
sensor which produces proximity or pressure data in which it is desired to maintain a calibration point reflectir^ the state of 
the sensor vy^en no finger or spurious noise is present. 

Referring now to FIG;10,:a bias voltagegenerating:dFcuit;46:useful:tn the:presentlnvention is shown in schem 
form. According to a presently preferred embodiment of the invention, all of the bias transistors 108 (FIG. 4b) of charge 
integrator circuite 44-1 through 44n have their gates connected to a single source of bias voltage, although persons of 
ordinary skill in the art recognize that other arrangemente are possible. There are a number of ways In ^ich to generate the 
t)ias voltage required by charge integrator circuite 44-1 through 4-n. 

As may be seen from an examination of FIG. 1 0, the bias voltage generating drcuit 46 is an overdamped servo system. A 
reference:source:which:approximates:the:current:source:function:ofa:typicai:one:ofthe:charge: integrator: drcuite 44:^1:::: 
through 44-n includes a capadtor 202 having one of ite plates grounded. The other one of ite plates is connected to the VDD 
power supply through a first pass gate 204 and to a current source transistor 206 through a second passgate 208. A fyter 



^ circuit 210; identical to the filter cffcuits 48^1 through^ as filter:ctrcuttSi4&rt:throughiin;;;;: 

48Hn;is:connected to sample;the ><^^e:on; capadtor:202;in the same man 
through 48-n sample the voltage^Vhe sensor conductor capadtances in the sensor array 22. 

The output of filter circuit 21 0 is fed to the non-inveiUng input of a weak fransconductance amplifier 21 2, having a bias 
current in the range of from alwut 0. 1-0.2CLA. The inverting input of the transconductance amplifier 212 is connected to a 
fixed voltage of about 1 volt generated, for example, by diode 214 and resistor 216. The output of transconductance 
amplifier:212 6: shunted:by capac(tor218 and also itjy: capacitor: 220:through:passgate:222j:Gapa^ 
much; larger:than:capacttor:21:8::ln:a:typical:embodiment;of the present invention;capacftor 218:may:be:abo^^ 
capacitor 220 may be about lOpF. 

Capacitor 220 is connected to the gate of N-Channel MOS transistor 224, v^^htch has its drain connected to the drain and 
gate of P-Channel MOS transistor 228 and its source connected to the drain and gate of N-Channel MOS transistor 228. 
The source of P-Channel MOS transistor 226 is connected to VDD and the source of N-Channel MOS transistor 228 is 
connected to ground. 

The common drain connection of transistors 224 and 228 is the bias voltage output node. 

An optional passgate 230 may be connected between a fixed voltage source (e.g., about 2 volts) and capacitor 220. 
Passgate 230 may be used to initialize the bias generating circuit 46 on startup by charging capacitor 220 to the fixed 
voltage. 

During each sampfe period, the filter circuit 210 takes a new sampie^ ifthe new sampJe differs from the previous sample, the: 
output voltage of transconductance amplifier 212 vnll change and start to charge or discharge capacitor 218 to a new:^^:^^^^^^^^^^^^ 
voltage. Passgate 222 is switched on for a short time (i.e., about lllsec) and the voltages on capacitors 218 and 220 by to 
average themselves. Due to the large size difference between capacitors 218 and 220, capacitor218 cannot supply enough 
charge to equalize the voltage during the period whm passgate 2Z2 is open. This arrangement prevents large changes in 
i)ias voltage from cycle to cycle. 

CapacSor 202 should look as much as possible like one of the sensor array channels and has a value equal to the 
background capacitance of a typical sensor line, (i.e., with no object proximate or present capacitance component). 
Capacttor 202 may be formed in several ways. Capacitor 202 may comprise an extra sensor line in a part of the sensor 
array, configured to appronmate one of the active sensor lines but shielded from finger capacitance by a ground plane, etc. 

Alternately;:capacitor 202 :may :be:a capacitor formed in the integrated circuit or connected thereto and having a value: :::: : ::::: 
selected:to :match that:of :a:typical:sensor line :in this:respecti the signal source comprising:capacitor:202:and:filter:drcuit 
2:10its:somewhat:like:the drcuitFy for generating the:Vmai and Vrnin reference voltagesv in that it mtmics a t^^ 

ijipilllllllillilllllii^ 

As another alternative, one of the actual sensor lines may be employed to set the bias voltage. 

The measured voltage on the two end-point sensor lines may be compared and the one having ttie lowest value may be 
selected on the theory that, if a finger or other object is proximate to the sensor array, it vwil not be present at sensor lines 
located at the opposite edges of the array. 

According to another aspect of the present invention, an "edge motion" feature may be Implemented when the object 
position sensor of the present invention is used as a computer cursor control device in place of a mouse. A practical 
problem arises in the use of computer mice or other cursor control devices when an attempt is made to move an object over 
e large distance on a computer screen. This problem is encountered when a small mouse pad is i^ed with a computer 
mouse, or when an object position sensor of the kind described herein has a small touch sensor area. 

In touch sensor appUcationsi this problem is espedally acute: during:a:i^drag":gesture.:lf :the::user:lifls t^^ 

second stroke, the drag effect ends prematurely on the screen. The edge motion feature of the (»^esent invention helps to 

eliminate the need to use "rowing," or multiple strokes of the finger to move a large distance on the screen. 

A prior solution to the long-distance drag problem has been to provide an acceleration feature, i.e., a "ballistic" cun/e, where 
the gain varies as a function of finger speed, allowing the user to move long distances, albeit clumsily, using a repeated 
finger swishing : motion :: This technique can ibeiused: withiany variablerrspeed: pointangideMcei:^ 

mouse pad of limited size. Typical mouse driver software includes an adjustable acceleration feature (sometimes under a 
misleading name like "mouse speed"). 

The system of the present invention can distinguish t)etween the commonly used "click", "double click" and "drag" mouse 
gestures. The single-click and double-click gestures are implemented in a mouse using the mouse to move the cursor to the 
object of interest on the computer screen and then "clicking" once or twice a mouse button connected to an electrical switch 
in the mouse body. 



A significant advantage of the pre^nt invention s that the need for mechanical switches is eliminated, and the single-click 



arKJrdduble^ick gestures are implemented in the present invention by mo^ng^^ 
tapping: a finger tip once: or: twice : ogke selected: object The present system: c 

drag:gesture:in:whtch:the:finger:i£^|Bced:onthe:touch:sensor:surface:and:dragged:across:thesurfece:in^ 
while maintaining contact with the surface. 

According to a presently preferred embodiment of the invention; tt)e e<^e motk)n feat^ 

implemented :by: motion : unit :1 8 of FIG :: :1 : and works by: defining; two :zones :in the: sensing: 1^ 

sensor array 22 As shown in FiGi11v:the:sensing:plane :10: is: preferably divided into an:m 

the:central:pordon:of:the:surface:of:sensing:plane:10:and:an:outer2one;242i::typically:comprising:a:thin 

periphery of the sensor array. The center of the sensing plane 10 may be described as the origin (center, Gentm^) in a 

cartesian coordinate system. Those of ordinary 6kill In the art will recogrrize however that the mner and outer zones could be 

of any shape. 

Thus in FIG. 1 1 , inner zone 240 is defined by the upper dashed line YO. right-hand dashed line XO, lower dashed Bne -YO 
and !e1l^hand:dashed Qne:4^X0;:Outer zone:242:is:the region:between:the:outer edges of the sensing plane 1 
YmaX, -YmaX, Xmax and Xmax and the outer borders of inner zone 240 defined by YO, XO, -YO, and -Xo. 

According to this aspect of the present invention, finger motions in the inner zone 240 are translated in the standard fashion 
into motion events to be sent to the host computer. As is well understood in the art, the standard way to commur«k:ate 
mouse motion to a host computer may also be employed in the present invention to communicate finger motion to a host 
computer, 

After the finger position is established as disclosed herein, the information:communicated:to:Oie: host computer is: A^ 
A(XCs - Xold) [Eq. 9] AY = A(Ycur - Yold) [Eq. 10] where AX is the change in the X position of the finger, AY is the change in 
the :Y position:of :the: finger; X;;: is the current X position of the finger and:Xold:is:the::last:reported:X:positio 
is the current Y position of the finger and Yold is the last reported Y position of the linger, and A is a "gain factof" which is 
commonly encountered in mouse cursor control appJications. 

Typically, the host computer takes (AX4Y) events and moves the cursor by the indicated amount in each aaas, thus 
reconstructing the finger position <m the screen as the successive Ax and AY values are accumulated. So far, this is 
standard curs(»^ control t)ehavk)f where edge motion is not consklered. 

According to the present invention, when the finger is reported as being in the outer zone 242, the edge motion feature of the 
present invention may be enabled. The determination of whether the finger is in the outer zone Is a simple determination: 
I-XO < Xctir < Xo] is FALSE, OR J-YO < YCur < Yo] is FALSE [Eq. 1 1J 

Ref^ring:now:to:FIG;::12y:a;drcuit:244:for:Tnaldhgi;a:deteFmination:of:whether:a:fingeriis.in:the::outer:zon 
schematic diagram form:: FIGL :12 illustrates:a:hardware:embodiment:for:determ1mng whether:a:finger:isin:the outer zone^^^^; :: 
242, but those of ordinary skill in the art will readily recognize that this determination couM readily be made by performing 
one of a number of equivalent software routines. <#s> Such software routines are obvious and straightforward from the 
functions described herein. 

Circuit 244 includes digital comparators 246, 248, 250, and 252, which may be straightforwardly implemented by 
conventional:logk:; :Comparator 246 puts out a true signal when the quantity four at one of its inputs is: greater than 
quantity XO presented to its other input Comparator 248:puts out a true signal: when the quantity Xcur at: one: of its: m 
iess than the fixed quantity -XO presented tQ:its:other:input:Comparator:250:puts:outa:tFue:signal;:When:the quantity:YCur:at:: 
one of its inputs ss greAhv, than the fixed quantity YO presented to its other input Comparator 252 puts outa true ^nal ^en 
the quantity YCur at one of its inputs is less than the fixed quantity -YO presented to its other input. 

The outputs of comparators 249, 248, 250. and 252 are ORed together by OR gate 254, As v^i be appreciated by those of 
ordinaiy skill in the art, the FingerOuter signal output of OR gate 254 is true only when the necessary conditions of Eq. 11 
are satisfied. 

ttspresentiypreferredthattheedge motionaspect of the present: inventionmaytie selectively enabled: or disabledby a :::::: 
user. When the edge motion feature is enabled and ttie finger is reported as being in Uie outer zone as set forth above, a 
second component is added to the (AxAY) events reported: AX ^A (XcUr - Wold)-*- S(Xcur - Xcenter) [Eq. 12] hY " A(Ycur • 
Yold)+ S(Ycur - Ycenler) [Eq. 1 3] where Center is the X coordinate of the center of the pad, Center is the Y coordinate of the 
centerofthepad/andSisamultiplicativefactorfor speed. Sshouldbechosensuchthatthe movement of the cursor is ate:: 
comfortable speed on the display screen. 

For example, if the finger is held a good distance to the right (so that Xcur > XO), then the cursor will tend to "glide" to the 
right at a constant speed set by multiplicative speed factor S in Eqs. 12 and 13. This factor can be adjusted to indh/iduai taste 
of a user. 

if the sensor array has different dimensions in X and Y, it is useful to set the multiplicative speed fector S parameters in the X 

and Y directions to differ by the same ratio as the pad dimensions, so that a finger held at the left or right edge of the sensor 

arraywilliproduceittieisamacursorispeedasafingerheldatithetoporibottomiedgeiiinthepres^ 

of the sensor array, there are 24 X traces and 1 8 Y traces. Therefore, since X Is 4/3 wider than Y (24 traces vs. 1 8 traces), 



the X multiplicative speed factor Sx is set to tie to be 3/4 as large as ttie multipliogve speed factor Sy 
The;glide;speed:Of:the::cursoridur^kdge:motion:isclearly:a:direct:furictioriiOffll||Pis^ 

the pad, and the glide direction isiPral to the direction of the finger from the center. If the outer zone has the preferred 
"edge margin" shape as shown in FIG. 1 1 , then the finger will always be roughly the same distance from the center 
whenever edge motion is activated (within a factor of the square root of 2 » 1 .41 , assuming a square pad). Thus, the 
psychological effect is that edge motion involves a constant glide speed where the direction is set by the po 
sensor array edge. 

The square root of iZ variation may be canceled out by dividing the edge mofion terms in equations C^ 13) by a 
normalizing factor of the form: 



<Xcgr - Xcenter)2 + <Ycur - center)2 [Eq. 14] 

iHJt this is a computafionaiiy intensive step applied to fix a: problem that is barely noticeable to 
be omitted 

The edge motion feature of the present invention cdh be confuang if the user does hot expect it. 

Since edge motion is most useful in connection with the drag gesture. It is presently preferred to arrange forfi to occur only 
during a drag, i.e., only when the gesture logic is virtually "holding the mouse button down," The drag gesture and other 
gestures are implemented by gesture unit 20 of FIG. 1. 

At times when the edge-motion function is not desired, the outer zone 242 "goes away" (i.e., is ignored) and the inner zone 
240 effectively expands to cover the entire sensing plane 10. It has been found that this is much less confusing in practice, 
probably because the user is more likely to be consciously aware of the cursor control device durii^ a dra^ gesture than 
during simple cursor motions. 

Assuming the prefen'ed zone boundary shap6:of iFIGj:11i;:the fotlowing:algorithm;may:be:employed;toiim 

motion feature of the pr^ntinvention: IFNOT(-X0 < Xcur < XO AND -Yo < Ycur «; Yo) 

AND (opticHially) a drag ge^re in progress, THEN 

Let eX= Sx p(cur-Xcenter) 

Let eY » Sy(Ycur - Ycenter) 

ELSE LeteX-eY»0. 

<#s> END IF 

Next, the dX and dY nootion terns are computed from the regular algorithm: i.e., Let dX » A(XCur - XokQ^ 
LetdY = A(Ycur-Yold) 

Finally, the resultant packet (AX = dX+eX, AY = dY+eY) is transmitted to the host computer. 

Those of ordinary skill in the art will recognize that a linear proportionality is described by the above equation. As used 
herein,"proportionaiity" means that the signal generated is a monotonic function. Those of ordinary sidii in the art will 
recognizethat other monotonicfunctionsi including butnot: limited; toinverseproportionalityi: and nonTrlinear proportionality::::::: 
such as logarithmic or exponential functions; could be employed in the present invention without departing from the;:::::::: :: :: ; :: :: 
principles disclosed herein. 

A hardware implementation of this algorithm is illustrated in FIG. 13 in schematic diagram form. 

While circuit 256 is shown implemented in the X direction only, those of ordinary skill in the art will recognize that an identical 
circuit will: also tie: employed in the: Y directionL Such skilied persons will also immediately apprecratoithe^corri^^ 
equivalence of implementing the hardware solution of FIG. 13 as a software routine. 

Edge-motion circuit 256 includes a subtracter circuit 258 in which the previous value of Xcur, stored in delay 260, Is 
subtracted from the present value of Xcur. The output of subtracter circuit 258 is presented to multiplier 262, which 
multiplies the result by the gain factor "A". The output of multiplier 262 is the term dX. 

The term: Xcur is also: presented: to:subtractordrcuit:264:in:whichthe:value:of:Genter is: subtracled::from::thepre^^ 
Xcur. The output of subtracter ctfcuit 264 is presented to multiplier 266, which multiplies the result by the gain factor "S". 

A two-input AND gate 268 has its input terms the value FingerOuter from the circuit of FIG. 

12 and the value MotionEnable which is a toggled on/off enable signal for the edge motion feature of the present invention. If 
both FingerOuter and MotionEnable are true, switch 270 is configured to pass the output of multipiler 266 to adder circuit 
272. If either FingerOuter or 

MotionEnable is false, then switeh 270 is configured to pass the value zero to adder272. The output pf switoh 270 is the eX 

term. The output of adder i72 is passed to the host computer as 

AX. The MotionEnable signal can be controlled the user, e.g., by a control panel. 



Alternatively, it may be controlled^|p|ie gesture unit as will be more fully disclolSf 

In an alternate form, the dX term may be replaced by the eX term, and likewise for dY and eY, when the finger is in the 
"outer" zone, rather than adding the two terms in that zone. This results in a more "pure" edge motion which is harder for the 
user to guide. User tests have shovm that the dX+eX form shown above feels better and is easier to use. 

Another alternative; which :is functional: but ihas been: found to: be; less desirable : employs a isomewh 
glkje:speed:is:then;varied:m::proportion;tO:the:distance:ofthe:finger:into;the:outer:zone;rather:than: 
center of the pad. Thus, as the finger enters the outer zone the glide speed starts at zero and increases to some reasonable 
limit as the finger reaches the edge of the pad. The result is a smoother transition between edge-motion and normal 
behavior. It is not difficutt to modify the above formulas to produce this alternate behavior. This variant was tried by the 
inventors because the transition into edge-motion mode seemed too abrupt; tests showed that this abruptness is actually a 
Iwon in typical use. The smooth transition is harder to "feel", and thus winds up being more,.not less, likely to cateh the user 
by surprise. Those of ordinary skill in the art will appreciate that a solution midway between the two described methods can 
also be employed to produce a less abrupt transition. 

An alternate solution to the long-distance drag problem has been to provide a "locking" drag, but this can be confusing since 
the lock state becomes a hidden mode, a well-known undesirable item in the study of user interfaces. 

The edge motran feature of the present invention is used advantageously vwth one or more finger gestures which may be 
performed by a user on the sensor array and are recognized by the system. Of particular interest are the basic tap and drag 
gestures. The tap gesture is analogous to the clicking of the mouse button on a conventionai mouse, and the concept of 
dragging objects is familiar to all mouse users. The drag gesture consists of tapping once, followed by bringing the finger 
back down to the touch surface and moving it in the desired fashion. The host computer sees the virtual mouse button being 
held down during this entire gesture. 

Referring back to FIG. 1, gesture unit 20 detects the tap and drag gestures as follows. There are four state variables used to 
recognize the tap and drag gestures: TapState, NONE if there is no gesture in progress, TAP if a tap gesture is in progress, 
or DRAG if a drag gesture is in process; 

TapOkay, TRUE if high enough Z (finger pressure) has been seen to qualify as a tap; 

DownTime, the time when the finger last touched down on the sensor pad; and DownPos, the starting (X,Y) position of the 
current tap. 

The parameters utilized are: TapTime is the maximum duration of a tap gesture; OragTime is the nraximum duration of a 
tap-and-drag gesture; TapRadius is the maximum distance moved during a tap gesture; Ztap is the minimum pressure (Z) 
for a tap gestore; and Zthresh is the minimum pressure (Z) to detect a finger. 

A process according to the present invention for recognizing tap and drag gestures is illustrated in the flow diagrams of 
FIGS. 14a-14c. 

Processing begins at step 280 for every new set of (X,Y,Z) data to arrive from the arithmetic unit 16 of FIG. 1 . In a current 
embodiment of the system, such data arrive 40 times per second. 

in step 282, the Z (pressure) value is compared against the Z threshold Zthresh to determine whether a finger is present 
("down") or not ("up"). Instead of a simple threshold comparison, two thresholds may be used to provkle hysteresis as is 
well-known in the art. 

in step 284, the finger is known to be down. The previous Z is checked to see whether the finger was previously down or is 
just nowtouching down on the pad. 

In step 286, a finger-down transition has been detected. If a tap gesture has recently been reported (Tapstate - TAP), then, 
in step 288 this pending tap gesture is converted into a potential drag gesture. 

Step 290 records the position and the time at which the finger touched down. 

Step 292 initializes the TapOkay flag, which records whether or not the Z (pressure) information ever exceeds the Ztop 
threshold during the current tap. 

in step 294, the finger is known to be up. The previous Z is checked to see whether the finger was previously up or is just 
now being lifted from the pad. 

In step 296, a finger-up transition has been detected. Various tests are made of the most recent finger-down period to see if 
it qualifies as a tap. To qualify, the finger-down period must have short duration (CurTime minus DownTime must be less 
than TapTime), little or no motion (the distance from CurPos to DownPos must be less than TapRadius) ,and sufficient peak 
finger pressure (TapOkay must be TRUE), in order to qualify. 



During the linger-down period whidi has qualified as a tap, a small amount of ragi|n may have occurred due to natural 

vibration iofthe ifinger: and : other v^^feisns:: :Wis motion: will ; have: a 

drift slightly away:from the Intend^Vrget of :ttie tap gesture: In step298; this spurio^^^ 

reverse in order to carK^el it out. The motion may be sent in a single lump-sum packet or replayed packet by packet 
if the host computer is not expected to apply extreme non-linear gain ("ballistics") to the received packets, a simple 
lump-sum transmission will suffice. 

Steps 300:and:302give:spedat:consideration:lo:multiple:taps.::lf:a:tapgesture:is:recognizedi:and:a 

this: point a : potential drag: gesture) is pending ,: then : one : or : more: packets reporting : a: release of the vi 

sent to the host This prevents the virtual button presses resulting from the two taps from running together into a angle long 

virtual button press. The special button-release packet may be accomplished by sending an extra packet to ttie host, or by 

setting a flc^ to suppress the wtual mouse button for \he next subsequent packet. 

Step 304 records that a tap gesture is now in progress. 

in step 306; the finger is still away from the pad. If the fingerhas been away from the pad: long enoug 

tap gesture Of any) no longer qualifies to be extended into a drag (i.e., 

Curtime minus DownTime exceeds DragTime), or if a drag gesture is pending (TapState is 

DRAG), then the current tap or drag is terminated in step 308 (causing the virtual mouse button to be released). 

Steps 31 0 and 31 2 compare Z against Ztap. If Z is ever greater thsm 2tap during a given fingerdown period, 9i9 TapOkay 
flag is set. 

Steps 314; 316^ and 318 cause the:virtual:mouse:buttonto:be:pressed:during:a:tap!or:drag:ge^urev:a 
other times. 

In a current embodiment of an actual system according to the present invention, TapTime is a ^a(^on of 8 second and may 
be adjusted by the user, DragTime is approximately equal to 
TapTime, and TapRadius is approxnnately 5-10% of the pad width. 

The <^otion£nable*< signal into AND gate 268 of FIQ. 13 is obtained by either 

MotionEnabId - (TapState = DRAG) or ly/lotionEnable = (TapState = DRAG) OR (TapState = TAP>. 

Whilelhe foregoing disclosure refers to two particular gestures, those of ordinary skill in the art will recognize that other 
gestures may t>e employed in the system of the present invention. 

Referring next to: FIG:15;::a:simplified::block:diagram:of:a:host computer system:400:as used in: accordance with :the:p^^ 
mvention is shown;:The::host computer system:400:has:a:central:processing unit:(CPU): 402: controlled: by an operati^ 
system:404.:Applications 406|::capable of being run by operating:system:404 and CPU 402 are: loaded: into the mem^ 
the host computer system 400 as is well known In the art. As discussed in the prior art, documents in the applications 406 as 
well as features and controls of the applications 406 are displayed graphically in a window on a visual display 408. 

Many of the controls and features of an appUcation: 406 are not provkied by executable code (software) which is pa^ 
application 406, but rather exists as (xeces of software known in the art as a dynamically linked library (DLL) 410 m the 
memory :of:the:host:computer:system:400j:ln:orderito:add:the:feature:or: control: iro 

406 acce^a at runtime a DLL 410 for the desired feature or control through an operating system 404 factiity called a 
dynamic linker. The dynamic linker will link an application 406 to any DLL 410 desired by the application 406, thereby adding 
the feature represented by the DLL 410 to the application 406 without the need for executable code for that feature to be 
actually included in the code for the application 406. 

Depending on the: operating system 404, a wide :variety:of:DLL!s:41:0:are:provided by the operating system 404:forthe:use:of: 
applications 406.:For: example;: various versions of:the:Microsofts:WindowsTM provide a:rich:set of standard D^ 
implementing most typical:controi and:display functions::As:a:consequencei:most applications are generally writtento^::::: 
expect many controls and display functions to be DLL's. The DLL's will be located and linked by the dynamic linker in the 
operating system at runtime. 

One of the most common displayfunctions provided operating systems as a DLL, and consequently implement^lalmos^^ 
universally by applications through a DLL, is the scrol Ibar. 

Shown in FIG. 16 is a typical scrollbar 420 found in a graphical display. Usually, the scrollbar 420 is graphically depicted 
atong one edge of an application display window. Scrollbar 420 provides a means for moving through a document displayed 



in an application window, wherein 
time. 


1 the document is typically larger than can be displayed I 


n its entiret 




the window at one 


VVSh the: aidiof the :»:rollbar 420;: the applicatioit ius 
approximately one;:page:at:a:time:orin::large: steps: 


er canr 


novethroughtheidocument incrementally: eithW:iHie:line: 


or 





I'he scrollbar 420 shown in FiG: 16 comprises several graphicaliy:depicted:con|^entS; T^ 
shaft 424, and up and down scroij^^ws 426 and 428, respectively. 

The elevator 422 is the central moving portion of the scrollbar 420. The elevator 422 is also conrtmoniy known in the art as 
the tab or thumb. The elevator 422 is positioned v^hin the shaft 424 and the elevator 422 may be moved within the shaft 424 
either by sliding the elevator 422 along the shaft 424 with a drag gesture, as described above, by positioning the cursor 
either: al)ove or below the i elevator 4^ in the shaft 424 and imiidementing : a tap gesture: to move tf^^ 
step:m::the:destred direction; or as in the present invent; by positioning the cursor over ei^ 
42&:and:428:and;HTiplementing::a:drag:gesture:to;:activate;eSher;ofthe:scroll:arrows:426:or:4 
scroll arrows are activated the docunnent will be scrolled in the display at a constant rate. 

The elevator 422 shows the relative location of the viewing window within the document For example, v^en the elevator 422 
l9 near the top of the shaft 424 of scrollbar 420, the document in the vievWng window '» near the be^(^ing, v^en the elevator 
422;>sinearthe:bottom :of:the:shaR424:ofscrol[t)ar420:thedocumentiinithe:viewing:wi^ 
elevator 422 up and down in shaft 424. any portion of the document may be positioned In the viewing window. 

Alternatively^; when the cursor is positioned:either:above:ort)elow:tt)e :elevator422;in: tiie:stuift^4 

implemented, the; position of the document in the: viewing: window will move : either up or down : b 

single \Aewing window. It is also known in the art that when the cursor is positioned in the shaft 424 and a tap gesture is 

implemented, the position of ttie document in the vievwng virindow will correspond to the relative position of the cursor on the 

shaft 424 where the tap gesture was made. 

in:the:present:invention,:when;the:cursoris:position over either of the up:or:downscroll:arrows:426:and:428:and:a:drag::::::::::::: 
gesture is madei the scrolling function is implemented. Unlike the prior: arty which implements: the scroin 
constant ratd;tiie:presentinvention;utilizes pressure: informationZtovarytherateofthescrollingfunctionacco 
finger pressure. 

Accordingly, when the user presses on a scroll arrow firmly, the document will scroll quickly. 

V\ftienitheiUser:presses1ighUyi:th6iscFolling;would:slowdown:or:ewen:stq>.=.T^ 
features makes navigation through documents ea^er and more natural. 

For virtually all graphical interfaces in computer systems, the host computer system keeps track of ttie posHkm of ttie cursor 
on the graphical interface. When the cursor is positioned over either the up or down scroll arrow and file scroll arrow Is 
activated, usually by depressing a mouse button, in a mouse driven system; the operafii^:isysten:i:semls'a:]^^ 
application:program:::The application receives the: message and is linked: to:the;operating:system:DLL:inripiementing:fhe;:::;:;:i^ 
scroll arrow functionv In: prior art systems^ when the scroll: arrow is depressed^: the :document:wilt;be:scrolledithrough:tte^ 
viewing window at a constant rate which is usually set by the operating system. 

Operating systems provide many functions. In addition to sending messages to applications programs that certain controls, 
like the scroll arrows described herein, are to be implemented, most convention operating systems also allow or provkle for 
these messages to detected, intercepted and modified. 

Accordingly, referring again to FIG. 1 5, bi the present invention, a scroll modifier unit 41 2, implemented in the preferred 
embodimentas a software driver loaded and running: simultaneously witii the operating: system:404:onithe::hM 
system 400, instructs the operating system 404 that all scroll arrow messages are not to be sent to applk:ation& 406, but 
rather are to be sent to the scroll modifier unit 41 2. Though the scroll modifier unit 412 is implent^ted ase: software driver, 
those of ordinary ^11 in the will recognize that a hardware state machine is a known equivalent and would also be a 
reasonable implementation of the scroll modifier unit 412. 

As explained :atx>ve;:in; conventional systems;:when:the:scroli:arrow:is:activated: the:docuraentwili:scroll:at:a:fK 
present:invention> the scroll modifier unit:414:has:access:tO:the:Z:pressure:information:sensed:by the :touchpad:sensor:414:^^ 
With the pressure information, the scroll modifier is able to modify the scroll messages being sent by the operating system 
404 to the applications 406. 

Shown in FIG. 17 is a flow chart according to the present invention. 

Atstep450 the ho^ computer system polls theiobjectposition infonriationisupplied: from; the:^ 

when tiie operating system determines that the position of the Cursor is over the scroll arrow and a drag gestute has been 

tfnplemented, a scroll message is sent. 

It should be appreciated by those of ordinary skill in the art that a virtual button implemented by a drag gesture may be 
implemented by other gestures as well. It should also be appreciated by those of ordinary skill in the art ttiat using the 
position information to determine when the cursor is over the scroll arrow e also well known. 



Atstep:454^^ttte:scroU.rnessage:which is sentbythe operating systemis:^^ 

the operating system to do. At step 456, the scroll modifier unit modifies the scroll rate using the Z fM^essure Informatton by 



rnialuhg the scroll rate afuncfonofthepressure^ 

scroll Tate: is : Imearly propoilional: ^|e; pressure information j :11)ose of ord 
monotonic functionsy induding binPi limited to 'myerse:p 

exponential functions, could be employed in the present invention without departing from the principles disclosed herein. 

Atstep 458v the scroll message is then relayed to the application by the scroll modifier unit 
modified by the scroll modifier unit to be a function of the Z pressure information. 

At step 460, the application links to the DLL for the scrolling function using the dynamic linker, and the document 6 scrolled 
as a function of the Z pressure informatk>n. 

The increased sensitivity of the touch sensor sy^em of the present invention allows for a l^hter in|HJt finger touch whidi 
makes it easy for human use. Increased sensitivity also makes it easier to use oiher input objects, like pen styli, etc. 
Ad(fitioiudly thisisensitivtty allovvs:foF:a:trade^ff against a thicker protects 
iower manufacturing co^. 

Greater noise rejec&(Mi allows for greater flexibility in use and reduced sensitivity to spurious noise problems. Two 
techniques dre employed whidi allow derivation of the most noise-rejectloh benefit 

Due to the drive and sense techniques employed: in the present invention. the data acquisition rate has been: inc^ 
about:afactor:of:30:over:the:prior art^Thisoffers several: obvious:side:effects.:Firsti for thesame level: of signal; 
the drcuitry can be turned off most of the time and reduce power consumption by roughly a factor of 30 m the analog 
section of the design. 

Second, since more data is available, more signal processing, such as filtering and gesture recognition, can be performed. 

The sensor electronic drcuit employed in the present invention is very robust and calibrates out process and systematic 
errors; :ltvnn:pFocess:the:capacitive:information:from::the:sensor:and:provide:digitalinformation:to:an:extemalde 
example, a microprocessor. 

Because of the unique phy^cal features of the present invention, there are severe ergonomically mteresting applications 
that were not previously possible. Presently a mouse or trackball is not physically convenient to use on portable computers. 
The present invention provides a very convenient and easy-to-use cursor position solution tiiat replaces those devices. 

in mouse^ype applications, the sensor of the: present invention may tie placed in a convenient:location;:e.g:; :t)eIow the : 
:*space:barf!:key:in::a:portable:computer:: When: placed in: this location, the thumb of the user may be used as theiposflion:;;:::::::; 
pointeron the sensor to control the cursor position on the computer screen. The cursor may then be moved without theiiiii^ 
need for the user's fingers to leave the keytxiard. Ergonomically, tiiis is similar to the concept of the Macintosh 
Power Book with it's trackball, however the present Invention pro>fldes a agnificant advantage in size over tfte trackball. 
Extensions of this bask: Mea are possible in that two sensors could be placed below the "space bar" key for even ntore 
feature control. 

The computer display:with;ifs:cursor:feedt)ack:is one small example of a very general area of application where a display: : ::: 
could be a field of yghts or LED's, an LCD display, or a CRT. 

Examples inciude touGh controtson laboratory equipmentwhere present: equipment uses a knobibuttonAouch screen::::::::::::: ::; 
combination. Because of the articulating ability of this interface, one or more of those inputs coukl be combined into one of 
the inputs descritied with respect to the present invention. 

Consumer Elecb-onic Equipment (stereos, graphic equalizers; mixers);appl(cations;often;;utilize;si9n{ficant;^^ 
area for slide potentiometers because variable control is needed. 

The present invention can provkJe such control in one small touch pad location. As Electronic 
Home Systems become more common, denser and more powerful human interface is needed. 

The sensor technology of the present invention permits a very dense control panel. Hand-held TVIVCR/Stereo controls 
could be ergonomically formed and allow for more powerful features if this sensor technology is used. 

The sensor of; the:present:invention:can::be :conformed::to:any:surface:and:can:be:made: to:detect multiple touching pdntSy:;;:: 
making possible a more powerful joystick The unk|ue pressure detection ability of the sensor technology of the fM^esent 
invention is also key to this application. 

Computer games, "remote" controls (hobby electronics, planes) , and madiine tool conti-ols are a few examples of 
applications which would benefit fi'om the sensor technology of 0ie present invention. 

Musical keyboards (synthesizers, electric pianos) require velocity sensitive keys which can be provided by the pressure 
sensing ability of this sensor. There are also pitch bending controls, and other sikle svtntches that could be replaced with this 



lechnologywiAn;:eveniinoreunique;application;comprisesiaimusic^ 

and pressure of the hands and fir^jk in a very articulate 3-d interface. ||P 


notes as a fundion of the i 


posBion: 


The sensor technology of the present invention can best detect any conducting material pressing against it. By adding 
compressible insulating layer covered by a layer of conductive material on top of the sensor the sensor of the present 
invention may also indirecUy detect pressure from any object being handled, regardless of its electrical conductMty. 


la 

WM 




Because of the anu)unt of information available from this sensor it will seive very well as an in^^^ 
machinesiitt: is;easy:to::enviaon:a:consttuction::that allows: positionmonitoringinthreedi^ 
response (pressure) to actions. 




While embodiments and applications of this invention have been Shown and described, it would be apparent to tiiose skilied 


in the art that many more modifications than mentioned above are possible without departing from the inventive concepts 
herein. The invention, therefore, is notto be restricted except in th&spiritof the appended claims. 
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